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1. REAL PARTY IN INTEREST 

The real party in interest is Genentech, Inc., San Francisco, California, by an assignment 
of U.S. Patent Application Serial No. 09/866,028 (the present application is a continuation of this 
application) recorded on August 29, 2001, at Reel 011913 and Frame 0155. 

2. RELATED APPEALS AND INTERFERENCES 

The claims pending in the current application are directed to an isolated nucleic acid 
referred to herein as "PR036r'. There exist two related patent applications, (1) U.S. Patent 
AppHcation Serial No. 10/677,471, filed October 2, 2003 (containing claims directed to the 
PR0361 polypeptide), and (2) U.S. Patent Application Serial No. 10/735,014, filed December 
12, 2003 (containing claims directed to the PR0361 antibody). The 10/677,471 application is 
also under final rejection from the same Examiner and based upon the same outstanding 
rejection, an appeal of this final rejection is being pursued independently and concurrently 
herewith. The 10/735,014 application is currently being prosecuted. A response to a first Office 
action in that case was submitted on August 3, 2005. 

3. STATUS OF CLAIMS 

Claims 25-41 are pending in this application. 
Claims 1-24, and 42-43 are canceled. 

Claims 25-41 stand rejected and Appellants appeal the rejection of these claims. 

A copy of the rejected claims involved in the present Appeal is provided as Appendix A. 

4. STATUS OF AMENDMENTS 

There were no amendments to the claims submitted after final rejection. All previous 
amendments to the claims have been entered. 

5. SUMMARY OF THE INVENTION 

The invention claimed in the present application is related to an isolated nucleic acid 
comprising; a nucleic acid sequence encoding the polypeptide shown in Figure 32 (SEQ ID 
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NO:83); a nucleic acid sequence encoding the polypeptide shown in Figure 32 (SEQ ID NO:83), 
lacking its associated signal peptide; to a nucleic acid sequence encoding the extracellular 
domain of the polypeptide shown in Figure 32 (SEQ ID NO:83); a nucleic acid sequence 
encoding the extracellular domain of the polypeptide shown in Figure 32 (SEQ ID NO:83), 
lacking its associated signal peptide; the nucleic acid sequence shown in Figure 3 1 (SEQ ID 
NO:82); the full-length coding sequence of the nucleic acid sequence shown in Figure 31 (SEQ 
ID NO:82); or the full-length coding sequence of the cDNA deposited under ATCC accession 
number 209621 (Claims 27-34). 

The invention is further directed to isolated nucleic acids having at least 95% or 99% 
sequence identity to a nucleic acid sequence comprising the polypeptide shown in Figure 32 
(SEQ ID NO:83); to a nucleic acid sequence encoding the polypeptide shovm in Figure 32 (SEQ 
ID NO:83), lacking its associated signal peptide; to a nucleic acid sequence encoding the 
extracellular domain of the polypeptide shown in Figure 32 (SEQ ID NO:83); to a nucleic acid 
sequence encoding the extracellular domain of the polypeptide shown in Figure 32 (SEQ ID 
NO:83), lacking its associated signal peptide; to the nucleic acid sequence shown in Figure 31 
(SEQ ID NO: 82); to the full-length coding sequence of the nucleic acid sequence shown in 
Figure 31 (SEQ ID NO:82); or to the full-length coding sequence of the cDNA deposited under 
ATCC accession number 209621, wherein the polypeptide encoded by the nucleic acid is able to 
inhibit proliferation of stimulated T-lymphocytes. (Claims 25-26). 

The invention is further directed to an isolated nucleic acid that hybridizes under high 
stringency conditions to: a nucleic acid sequence comprising the polypeptide shown in Figure 32 
(SEQ ID NO:83); to a nucleic acid sequence encoding the polypeptide shown in Figure 32 (SEQ 
ID NO:83), lacking its associated signal peptide; to a nucleic acid sequence encoding the 
extracellular domain of the polypeptide shown in Figure 32 (SEQ ID NO:83); to a nucleic acid 
sequence encoding the extracellular domain of the polypeptide shown in Figure 32 (SEQ ID 
NO:83), lacking its associated signal peptide; to the nucleic acid sequence shown in Figure 31 
(SEQ ID NO:82); to the full-length coding sequence of the nucleic acid sequence shown in 
Figure 3 1 (SEQ ID NO: 82); or to the full-length coding sequence of the cDNA deposited under 
ATCC accession number 209621. (Claims 35-37). 
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The invention also is directed to a vector comprising one of the above nucleic acid 
sequences (Claims 38-39) and a host cell comprising the vector (Claims 40-41). 

The full-length PR0361 nucleic acid having the nucleic acid sequence of SEQ ID NO:82 
is described in the specification, for example, at pages 14-15, Example 34, in Figure 31 and in 
SEQ ID NO:82. The polypeptide encoded by the PR0361 nucleic acid is described in the 
specification at, for example. Example 34, in Figure 32 and in SEQ ID NO:83. Page 21, lines 
30-33 of the specification, provides the description for Figures 3 1 and 32. PRO polypeptide and 
nucleic acid sequence variants having at least about 95% sequence identity with a full length 
PRO sequence are described in the specification at, for example, pages 23 and 59-62. 
Hybridization reactions and conditions are described in the specification at, for example, pages 
30 and 109-1 1 1 . Vectors comprising a PR0361 nucleic acid are described in the specification at 
for example, page 64. 

6. ISSUES BEFORE THE BOARD 

I. Whether Claims 25-41 satisfy the utility requirement of 35 USC §101. 

II. Whether Claims 25-41 satisfy the enablement requirement of 35 USC § 1 12, first 
paragraph. 

7. GROUPING OF CLAIMS 

With respect to Issue I, claims 25-41 stand and fall together. 
With respect to Issue II, claims 25-41 stand and fall together. 

8. ARGUMENTS 
Summarv of the Arguments: 
Issue I: Utility 

Appellants have previously explained that patentable utility of the PR0361 nucleic acid, 
which encodes the PR0361 polypeptide, is based upon the ability of the PR0361 polypeptide to 
inhibit proliferation of stimulated T-lymphocytes, as demonstrated in the Mixed Lymphocyte 
Reaction (MLR) assay described in Example 34 at page 141 of the present specification. 
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Appellants have also submitted with their Response mailed July 12, 2004, the Declaration of Dr. 
Sherman Fong (the "Fong Declaration"). The Fong Declaration explains that a nucleic acid 
encoding a polypeptide shown to inhibit T-cell proliferation in the MLR assay would find 
practical utility when an inhibition of the immune response is desired, such as in autoimmune 
diseases. Accordingly, based on the teachings in the specification and the Fong Declaration, one 
of ordinary skill in the art would find it credible that the claimed PR0361 nucleic acid, which 
encodes a polypeptide shown to inhibit proliferation of T- lymphocytes in the MLR assay has 
utility as encoding an inhibitor of the proliferation of stimulated lymphocytes . 

The Examiner rejects this evidence on two bases. First, according to the Examiner "[o]ne 
of ordinary skill in the art, in possession of these general teachings would recognize that one 
cannot extrapolate the utility of a compound for suppressing any particular immune response in 
vivo, from the MLR in vitro assay." (Pages 3-4 of the Office action mailed October 6, 2004). In 
support of this assertion, the Examiner has cited references by Kahan, "Immunosuppressive 
therapy." Curr. Opin. Immunol., 1992. 4:553-560; Piccotti a/„ "Interleukin-12 (IL-12)-Driven 
Alloimmune Responses In Vitro and In Vivo." Transplantation, 1999. 67(1 1):1453. 1460; and 
Campo, et aL, "Zinc Inhibits the Mixed Lymphocyte Culture." Biol. Trace Element Res., 2001 . 
79:15-22. 

Second, the Examiner argues that even if an activity demonstrated in the in vitro MLR 
assay correlated with an in vivo activity, the MLR assay of the present invention still does not 
demonstrate that the claimed nucleic acids are supported by a specific and substantial, or a well- 
established utility because according to the Examiner the specification neither discloses that 
sufficient controls were used nor discloses the specific data of the results of the MLR assay. 

Appellants submit that the Examiner applied an improper legal standard when rejecting 
the claims under 35 U.S.C. § 101 for alleged lack of utility on these two bases. The evidentiary 
standard to be used throughout ex parte examination in setting forth a rejection is a 
preponderance of the totality of the evidence under consideration. Thus, to overcome the 
presumption of truth that an assertion of utility by the applicant enjoys, the Examiner must 
establish that it is more likely than not that one of ordinary skill in the art would doubt the truth 
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of the statement of utility. Only after the Examiner has made a proper prima facie showing of 
lack of utility, does the burden of rebuttal shift to the applicant. 

The three references cited by the Examiner do not suffice to make a prima facie case that 
it is more likely than not that no generalized correlation exists between the ability to inhibit 
proliferation of lymphocytes in the MLR in vitro assay and that same ability in vivo. Indeed, the 
teachings of Kahan et al are not particular to the MLR assay nor do Kahan et al examine 
whether there is a correlation between the in vitro activity of a test substance demonstrated in the 
MLR assay and the activity of that substance in vivo. Further, Piccotti et al do not conclude that 
in vitro stimulation of Thl development never correlates with an in vivo effect, such as 
acceleration of graft rejection. Rather, Piccotti et al, conclude that the data collected from the 
experiments discussed therein indicate that IL-12R is critical for IL-12 driven alloimmune 
responses both in vitro and in vivo. Moreover, Campo et al also do not teach that there is no 
correlation between in vitro MLR activity and in vivo activity. Rather, Campo et al, simply state 
that their findings in vitro still need to be proven in vivo. Thus, the combined teachings of 
Kahan, Piccotti, and Campo do not demonstrate that more likely than not that there is no 
correlation between the in vitro activity of a test substance, as demonstrated in the MLR assay, 
and the in vivo activity of that test substance. 

In contrast, Appellants have submitted ample evidence to show that, in general, if a 
nucleic acid encodes a polypeptide that inhibits proliferation of lymphocytes in the MLR in vitro 
assay, it is more likely than not that the encoded polypeptide would exhibit the same activity in 
vivo. First, the articles by Wolos et al, "Immunomodulation by an inhibitor of S-adenosyl-L- 
homocysteine hydrolase: inhibition of in vitro and in vivo allogeneic responses." Cell Immunol 
1993 149(2):402-8; Fung-Leung et al, "Tepoxalin, a novel immunomodulatory compound, 
synergizes with CsA in suppression of graft-versus-host reaction and allogeneic skin graft 
rejection." Transplantation, 1995 60(4):362-8; Townsend et al, "Combination therapy with a 
CD4-CDR3 peptide analog and cyclosporine A to prevent graft-vs-host disease in a MHC- 
haploidentical bone marrow transplant model." Clin Immunol Immunopathol 1 998 86(1 ): 1 1 5- 
9; Townsend et al, "Inhibitory effect of a CD4-CDR3 peptide analog on graft-versus-host 
disease across a major histocompatibility complex-haploidentical barrier." Blood 1996 
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88(8):3038-47; and Furukawa et al, "Immunomodulation by an adenylate cyclase activator, 
NKH477, in vivo and vitro." Clin Immunol Immunopathol 1996 79(l):25-35 (made of record 
in Appellants' Response mailed July 12, 2004) collectively teach that in general, the ability to 
inhibit proliferation of lymphocytes in the MLR in vitro assay correlates with the same 
inhibitory activity in vivo. 

Second, the Declaration of Dr. Sherman Fong, Senior Scientist at the Department of 
Immunology /Discovery Research of Genentech, Inc., the assignee of the present application, 
shows that, in general, a nucleic acid that encodes a polypeptide shown to have the ability to 
inhibit proliferation of lymphocytes in the MLR in vitro assay would be expected to find a 
practical utility when an inhibition of the immune response is desired, such as in autoimmune 
diseases . 

Thus, upon consideration of the totality of the evidence it is clear that, although there may 
be some examples in the scientific art that do not fit within the central dogma of immunology 
that there is a correlation between inhibition of proliferation of lymphocytes in the MLKin vitro 
assay and an immunosuppressive effect in vivo, these instances are exceptions rather than the 
rule. In the majority of cases , as exemplified by the articles by Wolos et al , Fung-Leung et al, 
Townsend et al, and Furukawa et al, and the Fong Declaration, the teachings in the art 
overwhelmingly show that there is a correlation between the ability of a polypeptide to inhibit 
proliferation of lymphocytes in vitro, as demonstrated by an MLR assay, and the ability of the 
same polypeptide to achieve an immunosuppressive effect in vivo . Therefore, one of skill in the 
art would reasonably expect in this instance, based on the MLR assay data, that the claimed 
nucleic acids encode a PR0361 polypeptide that would have utility as an inhibitor of 
proliferation of lymphocytes. Such a utility is useftil in the treatment of diseases where a 
reduction in the immune response is desired, such as in treatment of autoimmune disorders. 

Further, the MLR assay used to identify the utility of the PR0361 polypeptide encoded by 
the claimed nucleic acid, including the controls and means of analyzing the data gathered from 
the MLR assay, is both adequately described in the specification and well known in the art. For 
example, at page 141, the specification describes using CD4-IgG as a control in practicing the 
MLR assay. One of ordinary skill in the art would appreciate that CD4-IgG is an antibody that 
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might be used as a negative control by blocking or preventing activation of allogeneic responder 
cells. Additionally, Appellants disclose that cell culture media can be used as a control. Skilled 
artisans would appreciate that cell culture media would serve as a control by providing a measure 
of background levels. Appellants have also incorporated by reference the procedures described 
in Current Protocols in Immunology, unit 3.12. Current Protocols teaches that "separate wells 
with control cultures should be set up that include - for each dose of responder and stimulator 
cells - replicate wells of responder cells with irradiated or mitomycin C-treated syngeneic 
stimulator cells." Current Protocols also teaches that values obtained from these controls will 
reflect background proliferation levels. In addition, negative controls, such as wells with either 
only stimulator cells or only responder cells might be included as a parameter of the MLR assay. 
Thus, sufficient controls for MLR are both taught by the specification and by references 
incorporated by reference. 

Moreover, Applicants have provided sufficient information regarding how to characterize 
data gathered in the MLR assay. In particular, the specification makes clear that any decrease 
below control is a positive result indicating an inhibitory effect, with decreases of less than or 
equal to 80% being preferred. Further, Dr. Fong attests that it is "his considered scientific 
opinion that a PRO polypeptide shown to inhibit T-cell proliferation in the MLR assay where the 
activity is observed as 80% or less of the control, one of skill in the art would expect to find a 
practical utility when an inhibition of the immune response is desired such as in autoimmune 
diseases." 

Accordingly, when the proper legal standard is applied, one should reach the conclusion 
that the present application discloses at least one patentable utility for the claimed PR0361 
nucleic acid. 
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Issue II: Enablement 

Claims 25-41 stand rejected under 35 U.S.C. §112, first paragraph, allegedly "since the 
claimed invention is not supported by either a specific and substantial asserted utility or a well 
established utility . . . one skilled in the art clearly would not know how to use the claimed 
invention." (Page 4 of the Office Action mailed October 6, 2004). 

Appellants submit that, as discussed above, a nucleic acid encoding the PROS 61 
polypeptide has utility in encoding a polypeptide capable of inhibiting proliferation of 
lymphocytes. Based on such a utility, one of skill in the art would know exactly how to use the 
claimed nucleic acid, without any undue experimentation. 

These arguments are all discussed in further detail below under the appropriate headings. 

ISSUE I: Claims 25-28 and 35-40 satisfy the utility requirement of 35 USC §101 

The central dispute in this appeal is the utility of the nucleic acids of Claims 25-41 . The 
October 6, 2004, Final Office action maintains rejection of Claims 25-41 under 35 U.S.C. §101 
because allegedly "the claimed invention is not supported by either a specific and substantial 
asserted utility or a well established utility." (Page 2 of the Office action mailed October 6, 2004). 
This rejection is maintained despite Appellants' assertion of utility at page 141 of the specification, 
Appellants' arguments demonstrating why that utility is sufficient, numerous art references cited by 
the Appellants demonstrating a correlation between in vitro MLR assay results and in vivo activity, 
and despite an expert declaration attesting that a polypeptide shown to have an inhibitory effect in 
the MLR assay would be expected to have a practical utility. 

Appellants submit, for the reasons set forth below, that the specification discloses at least 
one credible, substantial and specific asserted utility for the claimed PR0361 nucleic acid. 

A. The Legal Standard for Utility 

According to 35 U.S.C. § 101: 

Whoever invents or discovers any new and useful process, machine, manufacture, or 
composition of matter, or any new and useful improvement thereof, may obtain a 
patent therefor, subject to the conditions and requirements of this title. (Emphasis 
added.) 
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In interpreting the utility requirement, in Brenner v. Manson^ the Supreme Court held that 
the quid pro quo contemplated by the U.S. Constitution between the public interest and the 
interest of the inventors required that a patent applicant disclose a "substantial utility" for his or 
her invention, Le. a utihty 'Vhere specific benefit exists in currently available form." The Court 
concluded that "a patent is not a hunting license. It is not a reward for the search, but 
compensation for its successful conclusion. A patent system must be related to the world of 
commerce rather than the realm of philosophy." 

Later, in Nelson v. Bowler^ the CCPA acknowledged that tests evidencing 
pharmacological activity of a compound may establish practical utility, even though they may not 
establish a specific therapeutic use. The court held that "since it is crucial to provide researchers 
with an incentive to disclose pharmaceutical activities in as many compounds as possible, we 
conclude adequate proof of any such activity constitutes a showing of practical utility."^ 

In Cross v. lizuka^ the CAFC reaffirmed Nelson, and added that in vitro results might be 
sufficient to support practical utility, explaining that "m vitro testing, in general, is relatively less 
complex, less time consuming, and less expensive than in vivo testing. Moreover, in vitro results 
with the particular pharmacological activity are generally predictive of m vivo test results, i,e, 
there is a reasonable correlation there between." The court perceived "No insurmountable 
difficulty" in finding that, under appropriate circumstances, "in vitro testing, may establish a 
practical utility." 



' Brenner v. Manson, 383 U.S. 519, 148 USPQ (BNA) 689 (1966). 
^ Id. at 534, 148 USPQ (BNA) at 695. 
^ Id at 536, 148 USPQ (BNA) at 696. 

^ Nelson v. Bowler, 626 F.2d 853, 206 USPQ (BNA) 881 (C.C.P.A. 1980). 
^ Id at 856, 206 USPQ (BNA) at 883. 

^ Cross V. lizuka, 753 F.2d 1047, 224 USPQ (BNA) 739 (Fed. Cir. 1985). 
^ Id at 1050, 224 USPQ (BNA) at 747. 
' Id 
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The case law has also clearly established that applicants' statements of utility are usually 
sufficient, unless such statement of utility is unbelievable on its face.^ The PTO has the initial 
burden to prove that applicants' claims of usefulness are not believable on their face.*^ In 
general, an Applicant's assertion of utility creates a presumption of utility that will be sufficient 
to satisfy the utility requirement of 35 U.S.C. §101, "unless there is a reason for one skilled in the 

11 12 

art to question the objective truth of the statement of utility or its scope." , 

Compliance with 35 U.S.C. §101 is a question of fact.'^ The evidentiary standard to be 
used throughout ex parte examination in setting forth a rejection is a preponderance of the 
totality of the evidence under consideration.^"* Thus, to overcome the presumption of truth that 
an assertion of utility by the applicant enjoys, the Examiner must establish that it is more likely 
than not that one of ordinary skill in the art would doubt the truth of the statement of utility. 
Only after the Examiner made a proper prima facie showing of lack of utility, does the burden of 
rebuttal shift to the applicant. The issue will then be decided on the totality of evidence. 

The well established case law is clearly reflected in the Utility Examination Guidelines 
("Utility Guidelines")*^, which acknowledge that an invention complies with the utility 
requirement of 35 U.S.C. §101, if it has at least one asserted "specific, substantial, and credible 
utility" or a "well-established utility." Under the Utility Guidelines, a utility is "specific" when it 
is particular to the subject matter claimed. For example, it is generally not enough to state that a 
nucleic acid is useful as a diagnostic without also identifying the conditions that are to be 
diagnosed. 

^ In re Gazave, 379 F.2d 973, 154 USPQ (BNA) 92 (C.C.P.A. 1967). 
Ibid, 

In re Longer, 503 F.2d 1380,1391, 183 USPQ (BNA) 288, 297 (C.C.P.A. 1974). 

See also In re Joiles, 628 F.2d 1322, 206 USPQ (BNA) 885 (C.C.P.A. 1980); In re Irons, 340 F.2d 974, 
144 USPQ (BNA) 351 {1965); In re Sichert, 566 F.2d 1154, 1159, 196 USPQ (BNA) 209, 212-13 (C.C.P.A. 1977). 

Raytheon v. Roper, 724 F.2d 951, 956, 220 USPQ (BNA) 592, 596 (Fed. Cir. 1983) cert, denied, 469 
US 835 (1984). 

In re Oetiker, 977 F.2d 1443, 1445, 24 USPQ2d (BNA) 1443, 1444 (Fed. Cir. 1992). 
66 Fed. Reg. 1092(2001), 
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In explaining the "substantial utility" standard, M.P.E.P. §2107.01 cautions, however, 
that Office personnel must be careful not to interpret the phrase "immediate benefit to the public" 
or similar formulations used in certain court decisions to mean that products or services based on 
the claimed invention must be "currently available" to the public in order to satisfy the utility 
requirement. "Rather, any reasonable use that an applicant has identified for the invention that 
can be viewed as providing a public benefit should be accepted as sufficient, at least with regard 
to defining a 'substantial' utility."^ ^ Indeed, the Guidelines for Examination of Applications for 
Compliance With the Utility Requirement, gives the following instruction to patent examiners: 
"If the applicant has asserted that the claimed invention is useful for any particular practical 
purpose . . . and the assertion would be considered credible by a person of ordinary skill in the 
art, do not impose a rejection based on lack of utility." 

B. Proper Application of the Legal Standard 

Throughout prosecution of the application and claims that are the subject of this appeal, 
and at page 141 of the specification, Appellants have asserted that the claimed nucleic acid, 
which encodes the PR0361 polypeptide, is supported by a specific and substantial or a well- 
established utility based on the ability of the PR0361 polypeptide to inhibit proliferation of T- 
lymphocytes, as demonstrated in the MLR assay. 

MLR is a well-established in vitro assay for assessing the ability of a test compound to 
stimulate or suppress T cell proliferation, and consequently the immune response of an 
individual. In brief, in an MLR assay, an immune response is produced by mixing T cells from 
antigenically distinct individuals and allowing them to react with one another in cell culture. The 
MLR assay is described in standard textbooks, including, for example, Current Protocols in 
Immunology, unit 3.12; edited by Richard M. Cocio et a/,, National Institutes of Health, 
published by John Wiley & Sons, Inc., the entire contents of which are incorporated in the 
present specification by reference at page 141, Example 34. 



MPEP §2107.01. 
MPEP §2107 II (B)(1). 
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MLR has been extensively used and is considered to be the best in vitro model available 
to study graft-versus-host disease and graft rejection. It is well known that the transplantation of 
tissues or organs between individuals with MHC incompatibilities quickly activates the 
recipient's immune system, which then attempts to destroy the transplanted tissue or organ. 
Transplantation across minor histocompatibility loci generally induces a slower response. 
Physicians analyze the major and minor histocompatibility differences to predict the success of 
the graft and to adjust the aggressiveness of immunosuppressive therapy. MLR can be monitored 
qualitatively, for example, by following the incorporation of tritiated thymidine during DNA 
synthesis, by observing blast formation or by similar methods known in the art. 

In addition to being useful for determining histocompatibility, the MLR assay is useful 
for detecting immunostimulatory or immunoinhibitory activities of molecules like PR0361. 
Indeed, the MLR assay is widely used and is considered a standard assay for testing drug 
candidates that are potential immunomodulators. For example, the Gubler et al reference , 
submitted in connection with the Fong Declaration on August 4, 2004, teaches that the MLR 
assay was key to identifying 11^12 as an immunostimulant of T-lymphocytes. In another 
example, the ability of tepoxalin, an immunomodulatory compound, to suppress graft-versus-host 
reaction, was first demonstrated by inhibition of proliferation of stimulated T-lymphocytes in an 
MLR assay.*^ 

The MLR assay is well described in the specification at page 141, Example 34, and in the 

Fong Declaration. In particular, at page 141, the specification describes the protocol for the 

MLR assay used in the present invention. For example, at lines 13-26, the specification states: 

More specifically, in one assay variant, peripheral blood 
mononuclear cells (PBMC) are isolated from mammalian 
individuals, for example a human volunteer, by leukopheresis (one 
donor will supply stimulator PBMCs, the other donor will supply 
responder PBMCs). If desired, the cells are frozen in fetal bovine 
serum and DMSO after isolation. Frozen cells may be thawed 

PNAS, 88:4143-4147(1991) 

See Fung-Leung et al. Transplantation, 60:362-8 (1995)(submitted with the Amendment and Response 
mailed August 4, 2004). 
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overnight in assay media (37° C, 5% CO2) and then washed and 
resuspended to 3x10^ cells/ml of assay media (RPMI; 10% fetal 
bovine serum, 1% penicillin/streptomycin, 1% glutamine, 1% 
HEPES, 1% non-essential amino acids, 1% pyruvate). The 
stimulator PBMCs are prepared by irradiating the cells (about 3000 
Rads). 

The assay is prepared by plating in triplicate wells a mixture of: 
100:1 of test sample diluted to 1% or to 0.1%, 
50:1 of irradiated stimulator cells, and 
50:1 of responder PBMC cells. 

100 microliters of cell culture media or 100 microliter of CD4-lgG 
is used as the control. The wells are then incubated at 37°C, 5% 
CO2 for 4 days. On day 5, each well is pulsed with tritiated 
thymidine (1.0 mC/well; Amersham). After 6 hours the cells are 
washed 3 times and then the uptake of the label is evaluated. 

In his declaration, Dr. Fong further explains that irradiating the PBMCs resuhs in a 
population of antigen presenting cells that is mainly comprised of dendritic cells. At paragraph 7 
of his declaration. Dr. Fong explains that this is an important step in the MLR assay because: 

Dendritic cells are the most potent antigen-presenting cells, which 
are able to "prime" naive T cells in vivo. They carry on their surface 
high levels of major histocompatibility complex (MHC) products, 
the primary antigens for stimulating T-cell proliferation. Dendritic 
cells provide the T-cells with potent and needed accessory or 
costimulatory substances, in addition to giving them the T-cell 
maturing antigenic signal to begin proliferation and carry out their 
function. Once activated by dendritic cells, the T-cells are capable 
of interacting with other antigen presenting B cells and 
macrophages to produce additional immune responses from these 
cells. 

Thus, as Dr. Fong explains at paragraph 8: 

The MLR assay of the present application is designed to measure 
the ability of a test substance to "drive" the dendritic cells to induce 
the proliferation of T-cells that are activated, or co-stimulated in the 
MLR, and thus identifies immune stimulants that can boost the 
immune system to respond to a particular antigen that may not have 
been immunologically active previously. 



-14- 



Appeal Brief 
Application Serial No. 09/944,929 
Attorney's Docket No. 10466/140; P2548P1C21 



I 

Similarly, as used in the present invention, the MLR assay is useful for measuring the 
ability of a test substance (or "test sample" as it is referred to in the specification at page 141) to 
"inhibit" the drive of dendritic cells to induce the proliferation of T-cells. Therefore, as used in 
the present invention, the MLR assay is neither a general predictor of immune response nor a 
measure of histocompatibility, but rather is a specific assay designed to test the ability of a 
sample, such as the polypeptide of SEQ ID NO:83 or a polypeptide encoded by the nucleic acid 
of SEQ ID NO: 82, to inhibit the drive of dendritic cells to induce T-cell proliferation. 

Thus, to overcome the presumption of truth that an assertion of utility by the Appellants 
enjoys, the Examiner must make a prima facie case establishing that, even in view of the above- 
discussion, it is more likely than not that one of ordinary skill in the art would doubt the truth of 
the Appellants' assertion of utility based on the inhibitory activity of PR0361 as demonstrated in 
the MLR assay. This is a significant burden to overcome because statistical certainty regarding 
Appellants' assertion of utility is not required to satisfy 35 U.S.C. § lOL^^ Indeed, where, as 
here, an applicant has specifically asserted that an invention has a particular utility, that assertion 
cannot simply be dismissed as "wrong" even where there may be some reason to question the 
assertion.^^ Moreover, a 35 U.S.C. § 101 rejection should only be sustained where the asserted 
utility violates a scientific principle or is wholly inconsistent with contemporary knowledge in 
the art.^^ Indeed, "any reasonable use that an applicant has identified for the invention that can 
be viewed as providing a public benefit should be accepted as sufficient, at least with regard to 
defining a 'substantial utility, '"^^ As discussed below, when the legal standard is properly 
applied, it is clear that the Examiner has not met the burden of establishing that more likely than 
not one of ordinary skill in the art would question the truth of Appellants' assertion of utility. 



Nelson v. Bowler, 626 F.2d at 856-857, 205 USPQ at 883-884. 
^'MPEP§ 2107.02. 

In re Gazave, 379 F.2d 973, 978, 154 U.S.P.Q. 92, 96 (CCPA 1967). 
" MPEP §2107.01. 
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C. A prima facie case of lack of utility has not been established 

The Examiner rejects Appellants assertion of utility based on results obtained in the MLR 
assay on two bases. First, according to the Examiner, "there is a poor correlation between in 
vitro results and in vivo results using the MLR assay." (Page 4 of the Office action mailed 
November 2, 2004). In particular, although the Examiner acknowledges that Appellants have 
cited art references demonstrating a correlation between in vitro results and in vivo results using 
the MLR assay, the Examiner maintains that the general teachings in the art show that such a 
correlation is not generally accepted. The Examiner further argues that "[o]ne of ordinary skill in 
the art, in possession of these general teachings would recognize that one cannot extrapolate the 
utility of a compound for suppressing any particular immune response in vivo from the MLR in 
vitro assay." (Pages 3-4 of the Office action mailed October 6, 2004). 

Second, according to the Examiner, several controls, including screening of each 
individual lot of a serum source for grow1:h support capabilities and possible HLA antibodies, use 
of a pool of allogeneic cells to measure maximum response as well as use of an autologous 
control to ensure low background levels, are necessary for meaningful results in the MLR assay. 
(Page 4 of the Office action mailed October 6, 2004). The Examiner alleges that these controls 
are not disclosed in the specification, and therefore, the claimed PROS 61 polypeptide is not 
supported by a specific and substantial or a well-established utility. Further, the Examiner 
alleges that "[t]he issue of lack of statistical analysis, or the lack of the presence of the data itself, 
provides further uncertainty in the evaluation of any in vitro effect of the PR0361 (Page 4 of 
the Office action mailed October 6, 2004). 

In support of the first argument, the Examiner relies on articles by Kahan et al, Piccotti et 
al, and Campo et al Specifically, the Examiner alleges that Kahan et al, teach that "no in vitro 
immune assay predicts or correlates with in vivo immunosuppressive efficacy." (Page 4 of the 
Office action mailed February 12, 2004). The Examiner alleges that Piccotti et al, "demonstrate 
that IL-12 enhances alloantigen-specific immune function as determined by MLR, but this result 
in vitro does not result in a measurable response in vivo (i.e. failure to accelerate allograft 
rejection." (Page 4 of the Office action mailed February 12, 2004). According to the Examiner, 
Campo et al, "demonstrate that while zinc suppresses alloreacfivity in MLC, it does not decrease 
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T-cell proliferation in vitro nor produce immunosuppressive effects in vivo'' (Page 4 of the 
Office action mailed February 12, 2004). Based on these three references, the Examiner 
concludes that in general there is no correlation between in vitro MLR assay results and in vivo 
activity. 

Even considering these references, the Patent Office has failed to meet its initial burden 
of proof that Appellants' claims of utility are insufficient. The arguments presented by the 
Examiner in combination with the Kahan et al, Piccotti et ai, and Campo et al articles do not 
provide sufficient reasons to doubt the statements by Appellants that the claimed PR0361 
polypeptide has utility. In particular, the statement by Kahan al is a generalized statement that 
is not particular to the MLR assay either in general, or as used in the present invention. Further, 
Kahan et al. do not examine whether results obtained from an in vitro MLR assay correlate with 
results obtained in vivo. Rather, Kahan et al generally discuss the efficacy of various 
immunosuppressive therapies. Moreover, Kahan et al is a 1992 reference. The vast majority of 
references relied on and cited by Appellants (which are discussed more fully below) are dated 
after the Kahan reference and teach a direct correlation between in vitro results in the MLR assay 
and in vivo activity. Thus, the generalized statement from the Kahan reference does not make it 
more likely than not that one of ordinary skill in the art would doubt Appellants' assertion of 
utility, based on activity evidenced in the MLR assay. 

Neither does the Piccotti et al reference make it more likely than not that Appellants' 
assertion of utility would be doubted. Indeed, Piccotti et al, note that previously they "reported 
that the p40 subunit of IL-12 stimulates alloreactive CD8+ Thl development both in vitro and in 
vivo. "^"^ Additionally, Piccotti et al do not conclude that in vitro stimulation of Thl 
development never correlates with an in vivo effect, such as acceleration of graft rejection. 
Rather, Piccotti et al, conclude that the data collected from the experiments discussed therein 
"indicate that IL-12R is critical for IL-12 driven alloimmune responses both in vitro and in vivo, 
and that IL-12 RB2 alone does not transducer IL-12 signaling. "^^ Moreover, the Gubler et al, 

Piccotti et al, "Interleukin-12 (IL-12)-Driven Alloimmune Responses In Vitro and In Vivo," 
Transplantation, 1999. 67(1 1): 1452-60, 1453. 

Piccotti et al., "Interleukin-12 (IL-12)-Dnven Alloimmune Responses In Vitro and In Vivo," 
Transplantation, 1999. 67(1 1):1452-60, 1453. 
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and Peterson et al. references submitted by Appellants as attachments to the Feng Declaration on 
August 4, 2004 show a clear instance where the in vitro activity of IL-12 correlates with an in 
vivo immunostimulatory effect. Specifically, at paragraph 9 of his declaration. Dr. Fong 
declares: 

Such immune stimulants find important clinical applications. For example, 
IL-12 is a known immune stimulant, which has been shown to stimulate T- 
cell proliferation in the MLR assay. IL-12 was first identified in just such an 
MLR [Gubler et al. PNAS 88. 4143 (1991)(Exhibit C)]. In a recent cancer 
vaccine trial, researchers from the University of Chicago and Genetics 
Institute (Cambridge, MA) have demonstrated the efficacy of the approach, 
relying on the immune stimulatory activity of IL-12, for the treatment of 
melanoma. [Peterson et al. Journal of Clinical Oncology 21 (12). 2342-48 
(2003) (Exhibit D)]. They extracted circulating white blood cells carrying 
one or more markers of melanoma cells, isolated the antigen, and returned 
them to the patients. Normally patients would not have an immune response 
to his or her own human antigens. The patients were then treated with 
different doses of IL-12, an immune stimulate capable of inducing the 
proliferation of T cells that have been co-stimulated by dendritic cells. Due 
to the immune stimulatory effect of IL-12, the treatment provided superior 
results in comparison to earlier work, where patients' ovra dendritic cells 
were prepared from peripheral blood mononuclear cells (PBMCs), treated 
with antigens, then cultured in vitro and returned to the patient to stimulate 
anti-cancer response. [Thumer et al. .1. Exo. Med. 190 (11), 1669-78 
(1999)(Exhibit E)]. 

Thus, taking this evidence as a whole, as it must be taken, the Piccotti et al. reference, 
either alone or in combination with the Kahan et al. reference does not make it more likely than 
not that one of ordinary skill in the art would doubt the truth of Appellants' assertion of utility. 

Furthermore, even the Campo et al. reference relied on by the Examiner does not teach 
that there is no correlation between in vitro and in vivo activity. Rather, Campo et al. merely 
states that the in vitro results observed in the experiments discussed therein had yet to be proven 
in vivo. Moreover, Campo et al. recognize that "[t]he mixed lymphocyte culture (MLC) is a 
well-established and important tool for determination of compatibility between host and donor ii 
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transplantation medicine, as it serves as an in vitro model for allogenic reaction ," Even further, 
Campo et al do not use the MLR (or MLC) assay to measure T-cell proliferation or inhibition, 
but rather to measure cytokine release. Therefore, the results of Campo et al are not directly 
applicable to the present situation. Of note though, Campo et al disclose that the test substance, 
zinc, did not either inhibit proliferation of T-cells in the MLC or produce immunosuppressive 
effects in vivo. Moreover, Campo et al acknowledge that: "[i]n vivo substances like 
cyclosporine A or FK506 are broadly applied, as they are capable of prolonging graft survival. In 
vitro, they show an inhibitory effect on T-cell proliferation in the MLC ."'^^ Thus, when the 
parameters of the Campo reference that are relevant to the present invention are examined, 
Campo et al, even in combination with the teachings of Piccotti et al, and/or Kahan et al, does 
not make it more likely than not that one of ordinary skill in the art would doubt Appellants 
assertions of utility. 

Moreover, the combined teachings of Kahan et al, Piccotti et al, and Campo et al are 
not directed towards correlation of in vitro and in vivo activities. Therefore, Appellants submit 
that the Examiner's reasoning is based on a misrepresentation of the statements and scientific 
data presented in the above cited reference and application of an improper, heightened legal 
standard. In fact, contrary to what the Examiner contends, as discussed more fully below, the art 
indicates that, if a test substance indicates a particular activity, such as the ability to inhibit 
proliferation of lymphocytes, in the MLR in vitro assay, it is more likely than not that the test 
substance will also demonstrate that activity in vivo. 

In support of the second basis for rejecting the claims for alleged lack of utility, the 
Examiner relies on references by Stites et al (eds.) and Rose et al (eds.). According to Basic 
& Clinical Immunology (Stites et al), "MLC is typically used for determining histocompatibility 
in an individual and as a test for immunocompetence of T cells in patients with 

Campo et at, "Zinc inhibits the Mixed Lymphocyte Culture." Biological Trace Element Research, 2001 . 
79:15-22,15-16 (emphasis added). 

Id, at 20 (emphasis added). 

See Basic & Clinical Immunology, Eighth Edition. Stites et a/.(edsX Appleton & Lange, Norwal, CT 
(1994) and Manual of Clinical Laboratory Immunology, Sixth Edition. Rose et al. (eds), ASM Press, Washington, 
DC (2002), 
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immunodeficiency disorders. [And] [W]hen running the MLC assay for determining 
histocompatibility for transplantation, autologous controls combining self with irradiated self are 
necessary to normalize the response of each cell to stimulators." (Page 5 of the Office action 
mailed February 12, 2004). The Examiner further argues that "there is known inherent 
variability of individual cellular responses from day to day which requires performing the entire 
familial MLC at one time in the case of determining histocompatibility for transplantation." 
(Page 5 of the Office action mailed February 12, 2004). 

Appellants respectfully submit that the controls discussed by the Examiner in the Office 
action mailed February 12, 2004, are more important when the MLR assay is used as a measure 
of histocompatibility for eventual transplant operations, but less important when the MLR assay 
is used, as here, to test the ability of a substance to stimulate or inhibit the proliferation of T- 
lymphocytes. Further, sufficient controls for the MLR assay are both known in the art and taught 
in the specification, as discussed more fully below. 

Thus, Appellants respectfully submit that the Examiner has not established a prima facie 
case of lack of utility on either basis and respectfully request that this improper ground of 
rejection be withdrawn. 

D. It is "more likely than not" that the claimed nucleic acids are supported by a 
specific and substantial or a well-established utility 

However, even if a prima facie case of lack of utility were made on either (or both) of the 
bases argued by the Examiner, the evidence submitted by Appellants clearly rebuts such a case. 
With regard to the Examiner's first basis for alleging lack of utility, Appellants have submitted 
substantial evidence demonstrating that generally, if a test substance shows the ability to inhibit 
proliferation of lymphocytes in the MLR in vitro assay, it is more likely than not that the test 
substance will exhibit the same inhibitory activity in vivo. With regard to the Examiner's second 
basis for alleging lack of utility, Appellants also have demonstrated that sufficient controls were 
both disclosed in the specification and known in the art. Additionally, sufficient data and 
guidance are provided which allow one of ordinary skill in the art to evaluate the conclusions that 
the PR0361 polypeptide is encoded by the claimed nucleic acid and inhibits T cell proliferation 
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in the MLR assay. 

In rebuttal of the Examiner's first argument, Appellants rely on paragraph 9 of the Fong 
Declaration (made of record in Appellants' Response mailed August 4, 2004), quoted above. As 
discussed above, paragraph 9 of the Fong Declaration discusses IL-12 as an example of an 
immunomodulatory compound that was first identified in the MLR assay and that was later 
confirmed to have an immunomodulatory effect in vivo. 

Indeed, the Gubler et al reference, submitted on August 4, 2004 as an attachment to the 
Fong Declaration, describes first identifying 11^12 in the MLR assay. In particular, at column 1, 
page 4143, Gubler et al teach "we initiated a search for a novel cytokines that would synergize 
with suboptimal concentrations of recombinant IL-2 to activate cytotoxic lymphocytes in vitro 
and thus might have synergistic immunoenhancing effects when administered together with 
recombinant IL-2 in v/vo." Thus, the Fong Declaration and the references attached thereto {e.g. 
the Gubler et al reference) clearly demonstrate that one of ordinary skill in the art, in general, 
would believe it to be more likely than not that a molecule shown to have an immunomodulatory 
effect in vitro also would have such an effect in vivo. 

In addition to the Fong Declaration and references attached thereto, Appellants also have 
submitted and rely on a 1993 article by Wolos et al, which reports that MDL 28,842 (a S- 
adenosyl-L-homocysteine hydrolase inhibitor, (Z)-5'-fluror-4',5'-didehydro-5'-deoxyadenosine) 
inhibited the generation of cytotoxic T-cells in the in vitro MLR assay with an IC50 of less than 
0.1 microM. Wolos et al further report that the observed in vitro results correlate with in vivo 
activity. In particular, in vivo, MDL 28,842 inhibited the increase in popliteal lymph node weight 
induced by injection of allogeneic spleen cells. MDL 28,842 was also evaluated in an in vivo 
model of graft rejection. It was shown that skin allografts on animals given MDL 28,842 
survived for 12.2 days, compared to 8.7 days for control animals.'^^ 

Similarly, Appellants rely on a 1995 article by Fung-Leung et al, which reports a direct 
correlation between the observed inhibitory activity of tepoxalin in the MLR assay and inhibitory 
activity of tepoxalin in vivo. In particular, Fung-Leung et al report that tepoxalin suppressed 

Wolos et at, "Immunomodulation by an inhibitor of Sadenosyl-L-homocysteine hydrolase: inhibition of 
in vitro and in vivo allogeneic responses." Cell Immunol. 1993 149(2):402-8. 
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murine T-cell proliferation in the MLR assay and that this in vitro inhibitory activity correlated 
with an in vivo suppression of graft-versus-host disease. Specifically, Fung-Leung et al report 
that oral administration of tepoxalin to mice suppressed local graft-versus-host disease by about 
40%.^^ 

Appellants further rely on another art reference by Tovmsend et al, which also 
demonstrates the correlation between in vitro MLR activity and in vivo activity. Specifically, 
Townsend et al, reported in 1998, that a CD4-CDR3 peptide analog exhibited similar results 
both in vitro in MLR assays and in vivo in analyses of the effectiveness of the peptide analog at 

3 1 

preventing graft-versus-host disease. 

Thus, the inhibition of T-cell proliferation by the PR0361 polypeptide encoded by the 
claimed nucleic acid, as seen in the MLR results described at page 141 of the specification, 
would be expected to correlate with in vivo results. The articles discussed herein collectively 
teach that in general, in vitro activity demonstrated in an MLR assay correlates with an in vivo 
effect . Significantly, as discussed above, the law does not require the existence of a strong or 
linear correlation between in vitro and in vivo activity. Nor does the law require that such a 
correlation "always" be observed. Hence, taken in total, although there may be some examples 
in the scientific art that do not fit within the central dogma of immunology that there is a 
correlation between MLR in vitro assay results and in vivo activity, these instances are exceptions 
rather than the rule. In the majority of cases , the teachings in the art, as exemplified by Gubler et 
al, Wolos et al, Fung-Leung et al, Townsend et al, and Furukawa et al, the Fong Declaration, 
and the references cited therewith, overwhelmingly show that an activity demonstrated in the in 
vitro MLR assay correlates with in vivo activity. Thus, one of skill in the art would reasonably 

See Fung-Leung et at, "Tepoxalin, a novel immunomodulatory compound, synergies with CsA in 
suppression of graft-versus-host reaction and allogeneic skin graft rejection." Transplantation. 1995 60(4):362-8. 

Townsend et al, "Combination therapy with a CD4-CDR3 peptide analog and cyclosporine A to prevent 
graft-vs-host disease in a MHC-haploidentical bone marrow transplant model." Clin Immunol. Immunopathol. 1998 
86(1):1 15-9. See also Townsend et al, "Inhibitory effect of a CD4-CDR3 peptide analog on graft-versus-host 
disease across a major histocompatibility complex-haploidentical barrier." Blood. 1996 88(8):3038-47; Furukawa 
et al, "Immunomodulation by an adenylate cyclase activator, NKH477, in vivo and vitro." Clin Immunol 
Immunopathol 1996 79(l):25-35. 

See e.g.. Nelson v. Bowler, 626 F.2d at 856-857, 205 USPQ at 883-884. 
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expect in this instance, based on the MLR data demonstrating that the PR0361 polypeptide 
(which is encoded by the claimed nucleic acid) has an inhibitory effect on lymphocyte 
proliferation in vitro, that PR0361 polypeptides encoded by the claimed nucleic acids will have 
an inhibitory effect on lymphocyte proliferations vivo. Accordingly, Appellants submit that the 
PR0361 polypeptides and nucleic acids have utility in the treatment of immune response, for 
example in autoimmune diseases. 

In rebuttal of the Examiner's second basis for rejecting the claims for alleged lack of 
utility, Appellants rely on the description of the MLR assay, and the controls used therein. In 
particular, at page 141 of the specification, Appellants disclose that CD4-IgG may be used as a 
control in practicing the MLR assay in connection with the present invention. One of ordinary 
skill in the art would appreciate that CD4-IgG is an antibody that might be used as a negative 
control by blocking or preventing activation of allogeneic responder cells. Additionally, 
Appellants disclose that cell culture media can be used as a control. Skilled artisans would 
appreciate that cell culture media would serve as a control by providing a measure of background 
levels. 

Even further. Appellants also have incorporated by reference the procedures described in 
Current Protocols in Immunology, unit 3.12.^^ Current Protocols teaches that "separate wells 
with control cultures should be set up that include - for each dose of responder and stimulator 
cells - replicate wells of responder cells with irradiated or mitomycin C-treated syngeneic 
stimulator cells." Current Protocols also teaches that values obtained from these controls will 
reflect background proliferation levels. In addition, negative controls, such as wells with either 
only stimulator cells or only responder cells might be included as a parameter of the MLR assay. 
Thus, contrary to the Examiner's argument, Appellants have disclosed, by incorporating the 
disclosures of the Current Protocols reference, autologous controls combining self with 
irradiated self for normalizing the response of each cell to stimulators. Appellants therefore, 
respectfully submit that sufficient controls for MLR are both known in the art and disclosed by 
Appellants, such that meaningful results can be achieved using this assay. 

Current Protocols in Immunology, Cocio et aL (ed), John Wiley & Sons, Inc. (1991) (Units 3.12.1- 

3.12.13). 
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In rebuttal of the Examiner's argument that the specification fails to provide any data or 

evidence of the results of the assay sufficient for one of skill in the art to evaluate the conclusion, 

Appellants rely on the following statements at page 141 of the specification: 

This example shows that one or more of the polypeptides of the 
invention are active as inhibitors of the proliferation of stimulated T- 
lymphocytes. Compounds which inhibit proliferation of lymphocytes 
are useful therapeutically where suppression of an immune response is 
beneficial, . . . Any decreases below control is considered to be a 
positive result for an inhibitory compound, with decreases of less than 
or equal to 80% being preferred. However, any value less than control 
indicates an inhibitory effect for the test protein. The following 
polypeptide tested positive in this assay: PR0361. 

According to the Manual of Patent Examining Procedure (the "MPEP"), Office personnel are 
reminded that they must treat as true a statement of fact made by an applicant in relation to an 
asserted utility, unless countervailing evidence can be provided that shows that one of ordinary 
skill in the art would have a legitimate basis to doubt the credibility of such a statement . 

Further, Dr. Fong attests that it is "his considered scientific opinion that a PRO 
polypeptide shown to inhibit T-cell proliferation in the MLR assay where the activity is observed 
as 80% or less of the control, one of skill in the art would expect to find a practical utility when 
an inhibition of the immune response is desired such as in autoimmune diseases." The case law 
has clearly established that in considering affidavit evidence, the Examiner must consider all of 
the evidence of record anew.^"* "After evidence or argument is submitted by the applicant in 
response, patentability is determined on the totality of the record, by a preponderance of the 

3 5 

evidence with due consideration to persuasiveness of argument" Furthermore, the Federal 
Court of Appeals held in In re Alton, "We are aware of no reason why opinion evidence relating 
to a fact issue should not be considered by an examiner" . Appellants also respectfully draw the 



in re Rinehart, 531 F.2d 1084, 189 USPQ (BNA) 143 (CCP.A. 1976) and In re Piasecki, 745 F.2d. 
1015, 226 USPQ (BNA) 881 (Fed. Cir. 1985). 

In re Alton, 37 USPQ2d 1578 (Fed. Cir 1966) at 1584 quoting In re Oetiker, 977 F.2d 1443, 1445, 24 
USPQ2d 1443, 1444 (Fed. Cir. 1992)). 

In re Alton, supra. 
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Examiner's attention to the Utility Examination Guidelines which state, "Office personnel must 
accept an opinion from a qualified expert that is based upon relevant facts whose accuracy is not 
being questioned; it is improper to disregard the opinion solely because of a disagreement over 
the significance or meaning of the facts offered." The statement in question from an expert in the 
field (the Fong Declaration) states that "it is my considered scientific opinion that a PRO 
polypeptide shown to stimulate T-cell proliferation in the MLR assay where the activity is 
observed as 80% or less of the control, as specified in the present application, would be expected 
to find practical utility when an inhibition of the immune response is desired, such as in 
autoimmune diseases." Therefore, barring evidence to the contrary regarding the above 
statement in the Fong Declaration, this rejection is improper under both the case law and the 
Utility guidelines. 

For all the reasons discussed herein, no legitimate basis for doubting the credibility of 
Appellants' statement of utility exists. Therefore, Appellants respectfully submit that the present 
specification clearly describes a patentable utility for the claimed invention. Accordingly, 
Appellants respectfully request reconsideration and reversal of the rejection of Claims 25-41 
under 35 U.S.C. §101. 

ISSUE II: Claims 25-41 satisfy the enablement requirement of 35 USC $112, first 
paragraph. 

Claims 25-41 stand rejected under 35 U.S.C. §112, first paragraph, allegedly "since the 
claimed invention is not supported by either a specific and substantial asserted utility or a well 
established utility for the reasons set forth above, one skilled in the art clearly would not know how 
to use the claimed invention." (Page 4 of the Office Action mailed October 6, 2004). 

In this regard, Appellants refer to the arguments and information presented above in 
response to the outstanding rejection under 35 U.S.C. § 101, wherein those arguments are 
incorporated by reference herein. Appellants respectfully submit that as described above, the 
claimed nucleic acids, which encode a PR0361 polypeptide shown to inhibit proliferation of 
lymphocytes in an MLR assay, have a utility based on inhibition of proliferation of lymphocytes 

" Part IIB, 66 Fed. Reg. 1098 (2001). 
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in the MLR assay. Indeed, one of skill in the art would know how to use the claimed nucleic 
acids encoding polypeptides that inhibit the proliferation of stimulated T-lymphocytes, for 
treatment of the immune response, such as in autoimmune disease, without undue 
experimentation. 

Further, Appellants respectfully submit that consideration of the Wands factors, set forth 
in In re Wands^^ and discussed on a factor-by-factor basis below, clearly indicates that the 
present specification enables one of ordinary skill in the art to make and use the claimed 
invention without undue experimentation. 

7. The Nature of the Invention 

The first Wands factor analyzed is the nature of the invention. The nature of the 
invention is discussed above at pages 2-4. 

2. Th e State of th e Prior A rt 

The second Wands factor is the state of the prior art. The Examiner contends that the 
state of the prior art regarding the correlation between the ability of a protein to inhibit 
lymphocyte proliferation in the MLR assay and the ability of the same protein to have an 
immunosuppressive effect in vivo is unpredictable because MLR is an artificial in vitro system 
and does not indicate for what specific conditions and for which specific diseases the claimed 
invention would predictably function. (Page 3 of the Office action mailed October 6, 2004). 

Appellants respectfully disagree. As discussed above, MLR is a well-established assay 
and in the present invention this assay is used for assessing the ability of a test compound to 
stimulate or inhibit T cell proliferation. Further, as discussed above, the MLR assay is described 
in standard textbooks, including Current Protocols in Immunology, and in numerous journal 
articles. Indeed, the art recognizes that: "Reactivity in the MLC probably reflects the initial 
immune recognition step of graft rejection in v/vo."^^ Therefore, it is well-known in the art what 

^^ 858 F.2d 731, 737 (Fed. Cir. 1993). 
Basic & Clinical Immunology, Eighth Edition. Stites et al. (eds), Appleton 8l Lange, Norwal, CT, p. 246 

(1994). 
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conditions and diseases can be treated based on results obtained with a compound in the MLR 
assay. For example, many of the references cited by Appellants and discussed above, 
demonstrate that a compound shown to inhibit proliferation of T-lymphocytes in the MLR assay, 
achieves an immunosuppressive effect in vivo,^^ One of ordinary skill in the art would appreciate 
that such an effect would be useful, for example, in the treatment of graft-vs-host disease. 

3. Relative Skill of Those in the Art 

The level of skill in the art is high. For example, at the effective filing date, the skilled 
artisan in the field of Immunology and Immunotherapeutics would likely be a person with a 
Ph.D. or M.D. degree, sometimes both, and with extensive experience. Such a person would, in 
fact, find it routine to carry out in vivo analyses using the PR0361 polypeptide encoded by the 
claimed nucleic acids, based on the guidance provided about the PR0361 nucleic acids and 
polypeptides in the present application. 

4. Level of Predictability in the Art 

The art of the claimed subject matter is predictable. According to MPEP 2164.01(b), "the 
'predictability or lack thereof in the art refers to the ability of one skilled in the art to extrapolate 
the disclosed or known results to the claimed invention." As discussed above at pages 20-22, 
numerous compounds shown to have an immunomodulatory effect in the in vitro MLR assay, 
have been shown to have a related immunomodulatory effect in vivo.^^ 



See, e.g., Fung-Leung et aL, "Tepoxalin, a novel immunomodulatory compound, synergizes with CsA in 
suppression of graft-versus-host reaction and allogeneic skin graft rejection." Transplantation. 1995 60(4):362-8. 

See also Wolos et al, 'immunomodulation by an inhibitor of Sadenosyl-L-homocysteine hydrolase: 
Inhibition of in vitro and in vivo allogeneic responses." Cell Immunol 1993 149(2):402-8; Fung-Leung et al., 
"Tepoxalin, a novel immunomodulatory compound, synergizes with CsA in suppression of graftversus-host reaction 
and allogeneic skin graft rejection." Transplantation. 1995 60(4):362-8; Townsend et al., "Combination therapy 
with a CD4-CDR3 peptide analog and cyclosporine A to prevent graft-vs-host disease in a MHC-haploidentical bone 
marrow transplant model." Clin Immunol. Immunopathol 1998 86(1):1 15-9; Townsend et al, "Inhibitory effect of 
a CD4-CDR3 peptide analog on graft-versus-host disease across a major histocompatibility complex-haploidentical 
barrier." Blood. 1996 88(8):3038-47; Furukawa et al, "Immunomodulation by an adenylate cyclase activator, 
NKH477, in vivo and vitro." Clin Immunol Immunopathol 1996 79(l):25-35. 
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5. Presence of Working Examples 

In re Wands also requires the Examiner to consider the presence or absence of working 
examples."^^ Appellants describe the working MLR assay example at page 141 of the 
specification. However, the Examiner argues that this example is not sufficient because there is 
no correlation taught or well known in the art between the MLR assay and in vivo treatment of 
diseases involving the immune response. (Page 3 of the Office action mailed October 6, 2004). 

For the reasons discussed above, Appellants respectfully disagree that the MLR assay 
example provides insufficient guidance. In particular, as discussed more fully at pages 20-22, 
numerous in vitro MLR assay results that show either inhibition or stimulation of T cell 
proliferation by a test substance, as does the MLR in the present invention, have been confirmed 
in vivo. Indeed, (also as discussed above), in paragraph 9 of his declaration, Dr. Fong declares: 

For example, IL-12 is a known immune stimulant, which has been shown 
to stimulate T-cell proliferation in the MLR assay. IL-12 was first 
identified in just such an MLR [Gubler et al. PNAS 88 . 4143 
(1991)(Exhibit C)]. In a recent cancer vaccine trial, researchers from the 
University of Chicago and Genetics Institute (Cambridge, MA) have 
demonstrated the efficacy of the approach, relying on the immune 
stimulatory activity of IL-12, for the treatment of melanoma. [Peterson et 
al. Journal of Clinical Oncology 21 (12). 2342-48 (2003) (Exhibit D)]. 

Thus, Applicants respectfully submit by describing the MLR assay at page 141, Applicants have 
disclosed sufficient working examples. 

5. Breadth of the Claims 

The claims are not overly broad. Instead all of the claimed nucleic acids share a utility 
based on encoding a polypeptide that inhibits proliferation of stimulated T-lymphocytes. In 
particular, the claims are directed to nucleic acids with at least 95% sequence identity to SEQ ID 
NO: 82, or to a nucleic acid encoding the polypeptide of SEQ ID NO:83, wherein any claimed 
nucleic acids that share at least 95% sequence identity to SEQ ID NO:82 or to a nucleic acid 
encoding the polypeptide of SEQ ID NO: 83 encode a polypeptide that inhibits proliferation of 



Wands 858 F.2d at 737. 
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stimulated T-lymphocytes. 

6, Amount of Direction or Guidance 

Significantly, the claims do not require that the polynucleotide be used to treat a patient. 
Given that the MLR assay is a well-known assay, as discussed above, one of skill in the art will 
know how to use the disclosed PROS 61 nucleic acids and polypeptides in connection with this 
assay. The results of the assay alone provide one of skill in the art with valuable information to 
use in identifying compounds with important pharmacological properties that may be used to 
treat various immune response conditions, such as graft-versus-host disease. 

7. Quantity of Experimentation 

The Wands factors are analyzed as a tool to determine whether undue experimentation is 
required to practice a claimed invention. However, the Federal Circuit has stated that: 

[t]he determination of what constitutes undue experimentation in a given 
case requires the application of a standard of reasonableness, having due 
regard for the nature of the invention and the state of the art (citations 
omitted). The test is not merely quantitative, since a considerable amount 
of experimentation is permissible, if it is merely routine, or if the 
specification provides a reasonable amount of guidance with respect to 
the direction in which the experimentation should proceed. 

Given the established utility of a MLR assay as used in the present invention, the level of 
skill in the art, and the significant disclosure found in the specification, any experimentation that 
might be required to practice the claimed invention would be routine and not undue. 

Accordingly, Appellants respectfully request reconsideration and reversal of the 
enablement rejection of Claims 25-41 under 35 U.S.C. §112, first paragraph, 

9. CONCLUSION 

For the reasons given above. Appellants submit that the specification discloses at least 
one patentable utility for the PR0361 nucleic acid of Claims 25-41, and that one of ordinary skill 
in the art would understand how to used the claimed nucleic acids, for example based on the 
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characteristic that the claimed nucleic acids encode a polypeptide that inhibits the proliferation of 
stimulated T-lymphocytes. Therefore, claims 25-41 meet the requirements of 35 USC §101 and 
35 USC §112, first paragraph. 

Accordingly, reversal of all the rejections of claims 25-41 is respectfully requested. 
Please charge any additional fees, including fees for additional extension of time, or 
credit overpayment to Deposit Account No.23-1925 (referencing Attorney's Docket 



No. 10466/140). 



Respectfully submitted, 



Date: September 2, 2005 




BRINKS HOFER GILSON & LIONE 

P.O. BOX 10395 
CHICAGO, ILLINOIS 60610 
(312) 321-4200 
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APPENDIX A 
Claims on Appeal 



Claim 25: An isolated nucleic acid having at least 95% nucleic acid sequence identity to: 

(a) a nucleic acid sequence encoding the polypeptide shown in Figure 32 
(SEQ ID NO:83); 

(b) a nucleic acid sequence encoding the polypeptide shown in Figure 32 
(SEQ ID NO: 83), lacking its associated signal peptide; 

(c) a nucleic acid sequence encoding the extracellular domain of the 
polypeptide shown in Figure 32 (SEQ ID NO: 83); 

(d) a nucleic acid sequence encoding the extracellular domain of the 
polypeptide shown in Figure 32 (SEQ ID NO: 83), lacking its associated 
signal peptide; 

(e) the nucleic acid sequence shown in Figure 31 (SEQ ID NO:82); 

(f) the full-length coding sequence of the nucleic acid sequence shown in 
Figure 31 (SEQ ID NO:82); or 

(g) the fuU-iength-coding sequence of the cDNA deposited under ATCC 
accession number 209621; 

wherein the polypeptide encoded by the nucleic acid is able to inhibit proliferation of 
stimulated T-lymphocytes. 

Claim 26 (currently amended): The isolated nucleic acid of claim 25 having at least 99% 
nucleic acid sequence identity to: 

(a) a nucleic acid sequence encoding the polypeptide shown in Figure 32 
(SEQ ID NO:83); 

(b) a nucleic acid sequence encoding the polypeptide shown in Figure 32 
(SEQ ID NO: 83), lacking its associated signal peptide; 

(c) a nucleic acid sequence encoding the extracellular domain of the 
polypeptide shown in Figure 32 (SEQ ID NO: 83); 

(d) a nucleic acid sequence encoding the extracellular domain of the 
polypeptide shown in Figure 32 (SEQ ID NO: 83), lacking its associated 
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signal peptide; 

(e) the nucleic acid sequence shown in Figure 3 1 (SEQ ID NO:82); 

(f) the full-length coding sequence of the nucleic acid sequence shown in 
Figure 31 (SEQ IDNO:82); or 

(g) the full-length-coding sequence of the cDNA deposited under ATCC 
accession number 209621 ; 

wherein the polypeptide encoded by the nucleic acid is able to inhibit proliferation of 
stimulated T-lymphocytes. 

Claim 27: An isolated nucleic acid comprising: 

(a) a nucleic acid sequence encoding the polypeptide shown in Figure 32 
(SEQ ID NO:83); 

(b) a nucleic acid sequence encoding the polypeptide shown in Figure 32 
(SEQ ID NO: 83), lacking its associated signal peptide; 

(c) a nucleic acid sequence encoding the extracellular domain of the 
polypeptide shown in Figure 32 (SEQ ID NO: 83); 

(d) a nucleic acid sequence encoding the extracellular domain of the 
polypeptide shown in Figure 32 (SEQ ID NO: 83), lacking its associated 
signal peptide; 

(e) the nucleic acid sequence shown in Figure 3 1 (SEQ ID NO: 82); 

(f) the full-length coding sequence of the nucleic acid sequence shown in 
Figure 31 (SEQ ID NO:82); or 

(g) the full-length-coding sequence of the cDNA deposited under ATCC 
accession number 209621. 

Claim 28: The isolated nucleic acid of Claim 27 comprising a nucleic acid sequence 
encoding the polypeptide shown in Figure 32 (SEQ ID NO: 83). 

Claim 29: The isolated nucleic acid of Claim 27 comprising a nucleic acid sequence 
encoding the polypeptide shown in Figure 32 (SEQ ID NO: 83), lacking its associated 
signal peptide. 

Claim 30: The isolated nucleic acid of Claim 27 comprising a nucleic acid sequence 
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encoding the extracellular domain of the polypeptide shown in Figure 32 (SEQ ID NO: 
83). 

Claim 3 1 : The isolated nucleic acid of Claim 27 comprising a nucleic acid sequence 
encoding the extracellular domain of the polypeptide shown in Figure 32 (SEQ ID NO: 
83), lacking its associated signal peptide. 

Claim 32: The isolated nucleic acid sequence of Claim 27 comprising the nucleic acid 
sequence shown in Figure 3 1 (SEQ ID NO: 82). 

Claim 33: The isolated nucleic acid sequence of Claim 27 comprising the full-length 
coding sequence of the nucleic acid sequence shown in Figure 3 1 (SEQ ID NO:82). 

Claim 34: The isolated nucleic acid sequence of Claim 27 comprising the full-length 
coding sequence of the cDNA deposited under ATCC accession number 20962 1 . 

Claim 35: An isolated nucleic acid that hybridizes under high stringency conditions to: 

(a) a nucleic acid sequence encoding the polypeptide shown in Figure 32 
(SEQ ID NO:83); 

(b) a nucleic acid sequence encoding the polypeptide shown in Figure 32 
(SEQ ID NO: 83), lacking its associated signal peptide; 

(c) a nucleic acid sequence encoding the extracellular domain of the 
polypeptide shown in Figure 32 (SEQ ID NO: 83); 

(d) a nucleic acid sequence encoding the extracellular domain of the 
polypeptide shown in Figure 32 (SEQ ID NO: 83), lacking its associated 
signal peptide; 

(e) the nucleic acid sequence shown in Figure 3 1 (SEQ ID NO: 82); 

(f) the full-length coding sequence of the nucleic acid sequence shown in 
Figure 31 (SEQ ID NO:82); or 

(g) the full-length-coding sequence of the cDNA deposited under ATCC 
accession number 209621 . 

Claim 36: The isolated nucleic acid of Claim 35, wherein said hybridization occurs under high 
stringency conditions selected from the group consisting of: 
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50% formamide, 5 x SSC (0.75 M sodium chloride, 0.075 M sodium 
citrate), 50 mM sodium phosphate (pH 6.8), 0.1% sodium pyrophosphate, 
5 X Denhardt's solution, sonicated salmon sperm DNA (50 |ig/ml), 0.1% 
sodium dodecyl sulphate, and 10% dextran sulfate at 42°C, with washes 
at 42°C in 0.2 x SSC (0.75 M sodium chloride, 0.075 M sodium citrate) 
and 50% formamide at 55°C, followed by a high- stringency wash 
consisting of 0.1 x SSC (0.75 M sodium chloride, 0.075 N sodium citrate) 
containing EDTA at 55°C. 

Claim 37: The isolated nucleic acid of Claim 35 which is at least 10 nucleotides in 
length. 

Claim 38: A vector comprising the nucleic acid of Claim 25. 

Claim 39: The vector of Claim 38, wherein said nucleic acid is operably linked to control 
sequences recognized by a host cell transformed with the vector. 

Claim 40: A host cell comprising the vector of Claim 38. 

Claim 41 : The host cell of Claim 40, wherein said cell is a CHO cell, an E, coli or a yeast 
cell. 
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Immunosuppressive therapy 



Barry D. Kahan 

The University of Texas Medical School, Houston, Texas, USA 

Although Cyclosporin A has improved transplant outcome, its use 
has serious limitations duo to its narrow therapeutic window. New 
approaches to broaden this window exploit alternative drug formulations, 
pharmacokinetic profiling and new immunosuppressive agents, such as 
Rapamycin and Brequinar, which act in a synergistic fashion. There is no 
evidence to suggest that the pharmacological alternative to Cyclosporin A, 
FK-506, displays a broader therapeutic window, although it may be 
tenfold more potent. Similarly, despite the specificity of the lgG2a mouse 
anti-human CD3 monoclonal antibody, it displays a significant range of 
clinical side effects, delayed therapeutic action and frequently stimulates 
generation of human anti-mouse monoclonal antibodies. Recent advances 
in monoclonal antibody technology seek not only to produce antibodies 
against determinants involved in alloactivatioa but also to 'humanize' 
the antibodies for reduced side effects. The availability of this array of 
potential agents highlights the need to develop guidelines for clinical 
trial methodologies to address the unique needs and demands of organ 

transplantation. 

Current Opinion in Immunology 1992, 4:553-560 



Introduction 



After thirty years of vigorous but relativeh' unproductive 
research, the field of immuno.suppressive drugs awak- 
ened following the approval of two agents that, in con- 
trast to the non selective drugs Azathioprine (Aza) and 
corticosteroids, display relatively specific actioas on T 
cells. One of these, the fungal undec^peptide Cyclosporin 
A (CsA), not only improved clinical outcomes and broad 
ened the clinical settings in which transplants were suc- 
cessful: but also provided a unique tool for dissecting 
activation mechanisms leading to lymphokinc s\Tithe- 
sis. Subsequent approval of the other agent, the IgG2a 
mouse monoclonal antibcxh^ (mAb) OKT-3, heralded 
the use of reagents that bind selective T-cell surface 
markers to nicxiulate the iniiniine response. The past 
decade has witnes.sed striking progre.ss in the devel 
opnieni of new pharmacological agents (Fig. 1). One 
group inhibits lymphokine biosynthesis, FK-506 or sig- 
nal transduction, Kapamycin (l(APA). A second group 
is tlie nucleotide sv^nthesis inhibitors; Mizorbine 1 1 ] and 
RS614-13, a ftiorpholinoethvl-ester analog of mycopheno- 
lic acid (iMPA) (2»»], block purine salvage pathways with 
the generation of giianosine monophosphate, and the 
quinoline carboxv'lic acid Brequinar (BQR) blocks the 
de now synthesis of pyrimidines [3'*1. A third group, 



new mAbs. recognizes specific surface epitop>es on T 
cells and antigen presenting cells (Fig. 2). Immunosup- 
pressive activity has been documented [4~9l with several 
mAlxs that bind various determinants as shown in Table 
1. Prokmged graft survival has also been achieved with 
antilxxlies, or prefembly iheir F(ab')2 fragments, directed 
towards class I (lOj or class II MIIC antigens. A refine- 
ment of mAb iechnolog\- is the production of immuno- 
toxias. Ricin a-chain toxin linked to moase anti-human 
CD5 IgGl mAb has been used by Haverty (personal com- 
munication) to treat steroid-resistant graft versus host dis- 
ease in human bone marrow transplantation. This array 
of new agents proffers an unprecedented opportunity to 
design effective, yet minimaih' toxic, regimens to improve 
the otitcome of transplantation in man. 



Limitations of existing immunosuppressive 
regimens 

Currently, clinical regimens are based upon the use of 
CsA, the immunosuppressant benefits of which are se- 
riously limited by side effecis. In attempts to augment 
its efficacy, tlie corticosteroid Prednisone (Pred). A7,a, 



Abbreviations 

ALG — anti-lymphocyte sera; Aza — Azathioprine: BQR Brequinar; CMV cytomegalovirus; CsA — Cyclosporin A: 

CTL — cytotoxic T lymphocyte; OTH-rdelayed type hypersensitivity: ICAM — intercellular adhesion molecule; 
IL—interleukin; LFA — lymphocyte function-associated aritigen; mAb — monoclonal antibody; 
MHC— major histocompatibility complex; MPA— mycophcnolic acid; MZR— mizorbine; 
NF-AT—nudear factor of activated T cells: Pred — Prednisone; RAPA- Rapamycin; TCR— T-cell receptor; Th— T-helper, 
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Fig, 1. Classification of immunosuppres- 
sive drugs based upon their site of ac- 
tion in the cell cycle. In the firsi group, 
corticosteroid, and possibly deoxysper- 
gualin, inhibit antigen- presenting cells. 
In the second group, Cyclosporin A 
(CsA) and FK-506 inhibit lymphokine 
(LK) biosynthesis during the Cq phase 
and Rapamycin inhibits signal trans- 
duction during the C-j phase. In the 
third i^Toup (the nucleoside synthesis in- 
hibitors), Mizorbine (MZB) and RS61443 
(a morpholinoethyl-ether analog of my- 
cophenolic acid, MPA) inhibit purine 
synthesis pathways loading to the gen- 
eration of guanosine monophosphate, 
whereas Brequinar (quinoline carboxylic 
acid) inhibits the de novo synthesis of 
pyrimidines. IL, interieukrn; R, receptor. 



Fig. 2. Epitope targets of monoclonal 
antibodies. I CAM, intercellular adhesion 
molecule; IL, interleukin; MHC, major 
histocompatibility complex; R, receptor; 
TCR, T-cell receptor. 



T«ble 1. Oeierminants recognized by immunosuppressive 
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equine or rabbit polyclonal anti-lyrnphoqte sera (ALG) 
and/or mouse OKT-3 mAbs have been combined in em- 
pirical regimeas that arc often tailored to individual pa- 
tients. To address one limitation of CsA, nephro- and^'br 
hepato-toxicity during the initial post-transplant phase 
of induction immunosuppressive therapy, which dcla>:s 
allograft and patient recovery^ pharmacoidnetic control 



programs have been used either to pre select CsA doses 
fli] or to combine ALG or OKT-3 with Aza/Pred in or- 
der to delay treatment with CsA. Howev^er, immediate, 
rather than delayed, administration of CsA to patients 
displacing good initial renal function awids the disad- 
vantages of ALG/OKT-3 induction, namel>' an increased 
risk of qtomegalovirus (CM\0 infection, additional ex- 
pense and/'or delayed hospital discharge awaiting sat- 
isfactory CsA levels after treatment ^ith CsA However, 
patients at extraordinarily high immunological risk, due 
to rejection of previous allografts within three months, 
or with marginalh'-functioning orgaas may preferably be 
treated with AIXj or OKT-3 induction as a possible means 
to delay the onset of rheir first rejection episodes. Two 
possible alternatives for induction therapy are the CsA 
analogs that may display reduced nephrotoxicit>', namely^ 
Cyclosporin G [12), which substitutes norvaline at po- 
sition 2, and IMM-125 with a hydrophilic substiiucnt at 
position 9. 

To date, no large randomized saidy has shown that the 
induction regimen alters the clinical outcome; rather, a 
small cohort reported by Belitsky et aL (l3) showed 
no difference between AI.G versus initial Cs.^ therapy, the 
tv^'O optioas for induction therap\^ There may be several 
reasons for this. Firstly, the polyclonal rcmgenis, such as 
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rabbit or equine Minnesota ALG and anti-th>7ntx.yie glob 
ulin, regardless of their source, opsonize T ccUs, leading 
to their removal from the circulation. This depletion ob\i- 
ates T ceil mediated attack on die allograft. Among odier 
factors that mast be considered is that the central intra 
venous lines required for polyclonal administration may 
be accidentally contaminated, prcxiudng septicemia. Fur 
ther, there are no indices of the efiicac>' of the polyclonal 
sera. Peripheral blood T-cell numbers above the target 
range of 50- 150/ ml tend only to be useful reflections 
of the appearance of human host anti-equine antibod- 
ies, not immunological resistance to therapy. The other 
induction therapy using OKT-3, ^'hich covers and/or 
modulates CD3 epitopes on the l -cell surface, offers 
the advantages of botli peripheral intravenoas admin- 
istration and readily available fluorescence-activated cell 
sorting (FACS) tests for antibody efficacy, Tlie clinician 
monitors patient peripheral blood l>Tnphoc\ae T-cell epi 
topes for (a) cells with expased CD3 epitopes tliat were 
not bound by OKT-3 in vivo by their capacity to bind 
fluorescenated OKT-3 in vitro, (b) the total number of 
circulating T cells with fluorescenated anii-CD2, a pan 
T-cell marker, and (c) the proportion of OKT-3-coated 
cells detected ^ith a goat anti-mouse IgG reagent. A sat- 
isfactory therapeutic effect is observed when the patient 
has <25% OKT-3 cells in mtro and 60-75% CD2+T 
ceUs, about 40% of which are coated with mouse IgG 
which binds to OKT-3. While OKT 3 represents an ad- 
vance in immunosuppressive therapy, it has several seri- 
ous limitatioas: (a) severe first-dose reactions, including 
chills, fever, mN^algias and. in the worst cases, pulmonary 
oedema apparendy due to lyinphokine release (partic 
ularly tumor necrosis factor and interleukin (IL)-2; (b) 
longer term adverse effects such as aseptic meningitis; 
(c) a delay in the therapeutic effect for as long as 7 
days after initiation of treatment; (d) induction of human 
anti-mouse antibodies, generally of die anti idiotype \^ri- 
eiy, but not uncommonly of broader reactivity^ (e) a fre- 
quent incidence of rebound re- rejection episodes upon 
completion of die therapeutic course; and (0 a tendency 
toward CMV infections in 40% of treated patients. In ad- 
dition, both jxilyclonal and mAb reagents may produce 
excessive immunosuppression, resulting in increased in 
cidences of CMV infection and/or of lymphomas and 
other neoplasms, as well as allograft thrombosis. Thus, 
selection of a CsA wrsus an antib(xly induction regimen 
must balance the risks of nephrotoxicity versus that of 
excessive immunosuppression. 

The use of CsA has reduced tlie risk of acute rejection, 
but a rational af)p roach to CsA administration is confused 
by the tremendous variability between individuals in dnig 
pharmacokinetics and phannacodynamics (14], which, in 
turn, generates a fear of irre\^ersible renal injury in case 
the CsA dose is excessive. Three approaches have been 
used to addres-s this problem: (a) combining reduced 
C&\ do.scs with subtherapeutic amounts of Aza (l5l; 
(b) monitoring the parent compound CsA based upcjn its 
trough concentration prior to the next drug dose |l61; 
and (c) adjusting CsA doses prospectively based upon 
average concentrations calculated from serial measure- 
ments of the area under the concentration- time curve 



[11]. Since dnjg absorjition presents the greatest fri- 
ability in pharmacokinetics, attempts have been made 
to increase CsA bioavailability by co-administration of 
Vitamin [17j. in addition, the manufacturer has pro- 
duced a new micro emulsion formulation that increases 
the bioavailability by twofold above that of the exist- 
ing oral solution or capsule preparation, which show 
ec]uivalent bioavailability in studies comparing both for- 
mulations ll8]. The critical issue seems to be the drug 
concentration in ilic allograft. While direct intra arterial 
infusion has been used for experimental models of re- 
nal or cardiac allografts, good drug uptake in man can 
be acliieved by presenting Cs^V as an aerosol in absolute 
ethanol when it has a mean particle diameter of 1.2 mi- 
crons [19). 

Optimal use of CsA demands the measurement of drug 
concentrations/activities at the lev-el of its l>Tiiphocyie re- 
ceptor or target signal traasduction molecule(s), wliich 
may be calcineurin (an enzyme that may be invoKed 
in a common step asscxiated with T-cell and IgE re- 
ceptor signaling pathways) [20**\ or the nuclear factor 
of activated T cells (NF AT). However, a major limita- 
tion may be the failure of CsA to inhibit lymphocyte 
activation via ilie CD28 surface marker [21], an impor- 
tant co-stimulatory pathway that together with T-cell re- 
ceptor (TCR) stimulation blocks induction of anergy in 
T-cell clones [22]. Fortunately, rejection episodes uiider 
CsA pmphyiacdc therapy tend to be readily reversed by 
corticosteroid therapy, and the majority of steroid-resis- 
tant episodes are overcome with polyclonal ALG and/or 
OKT-3 therapy. Corticosteroids are believed to represent 
the Achille s heel of transplantation because of the wide 
distribution and pleio tropic effects of the glucocorticoid 
receptor superfamily found in the cytoplasm. These are 
DNA-hinding dimeric transcription factors with a zinc fin- 
ger structure that recognize enhancer (or negative reg 
ulator) elements bearing the ORE motif (GTACAnnnT- 
GTTCr, where n = any nuclet)tide). One important nc*g- 
ative regulatorv' element is the AP-1 binding site, normally 
the focus for fos-jun heterodimers [23). An alternative 
approach to the reduction of lL-1 (J generation, an action 
typical of corticosteroids, is tt> inhibit the enzyme that 
cleaves the inactive 31 kD precursor bet^^'een Asp**^ and 
A[a*i~ to release the 153 carboxyl -terminal amino acids 
that constitute IL-lp [24]. Another immunosuppressive 
effect may be achieved by the upregulation of the syn- 
thesis of transforming growth factor- P by steroids (25). 
Withdrawal of steroid trc^atment months to years after the 
transplant may be successful in patienLs who did not re- 
ject the transplant \26*\, 

Preliminary data suggest that a ten-day course of die IgM 
mouse anU-human a P TCR mAb T10B9.1A-31 [4], but 
not BiVL\031 (C Groth. personal communication), not 
only paxiuces eciuivaleni therapeutic effects to those of 
OKT-3, but is less toxic in terms of ijicidence of fever 
and neurological and respiratory symptoms, as well as 
of subsequent infections. Furthermore, T10B9 therapy is 
not associated with as great a ri.se in serum creatinine 
during treatment as OKT-3, suggesting a more rapid 
attenuation of the allo-immune response. I lowever, the 
repeated use of xenogeneic antibodies during the induc- 
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tion phase as well as for anti- rejection therapy may be 
complicated by the development of neutralizing human 
anti-mouse antibodies. 

A major goal of maintenance immunosuppressKie ther 
apy is prophylaxis against chronic rejeaion. To date, not 
only has CsA,/Pred therapy failed to reduce the incidence 
of this complication from the 8-10% level observed un- 
der the Axa'Tred combination, but there is no way to 
detemiine if the failure Is due to its inherently modest in 
hibition of R cell responses or to physiciaas* tendency to 
limit CsA therapy to minimal, po.ssibly ineffective, doses 
In order to mitigate a renal injury. Thus, despite the im- 
provement in initial gnifi survival, transplants continue to 
be lost in the longer temi, with half- lives of about seven 
yc*ars for cardiac and 11.5 \'ears for renal transplant in 
humans. A recent study of the effects of immunosuppres- 
sive drugs on coronaiy vrascular disease in heterotopic rat 
cardiac allografts suggests that RAPA particularly, CsA to 
a lesser extent, but definitely not HK-506, inhibit patlio 
logical endothelial and smooth muscle lesions in arteries 
and arterioles, ^^tiich seem to be the critical lesions in the 
pr(j!gressi( )n of ch ronic rejection ( 27 J . 



New pharmacological agents 

Both the macrolide FK-506 and the undecapepti<le CsA 
intermpt l)'mpholdne synthesis by inhibiting generation 
of the Ca^^" dependent regtilatory proteins NF-AT, NFIL 
2A, NFIL-2B, and NF-kP, but not c-fos, which is necessary 
for lL-2 generation. Presumably, lx)th drugs also affect 
serine protease gene traascripts, an excellent marker of 
rejection [28]. Tlie inliibition of cytotoxic T lymphoqtes 
(CTLs), even in the presence of optimal amounts of IL-2, 
is a prominent effect of CsA [29] and, apparently, FK-306, 
Despite the assumption tliat CsA and FK-506 produce 
similar inhibitory effects, at least three differences have 
been observed: first, FK 506 displays a flatter inhibition 
curve than CsA with a under discrepanc>' in potencv' at 
the 50% inhibition than at the 95% inhibition le\'el; sec 
ondh', CsA leads to the generation of suppressive T cells, 
whereas FK-506 docs not; and thirdly, although both 
dmgs inhibit CD4+ T helper (Th) Kmphoc^tes, which 
secrete II- 2, only CsA (and not FK-506) (xrrmits priming 
of CDH+CI'Ls [30). Furthermore, Rretscher and Havcle 
(31 1 suggest that CsA switches the immune respoase to 
the graft from a delayed type hvpersensitivitv' (DTH) re- 
sfx)ase to an IgG respoase by inhibiting the Thl subset 
with the emergence of the 'rh2 subset, which actively in- 
duces IgG via U.4 generation and inhibits Thl cells and 
DTH \aa II. 10. Both CsA and FK-506 spare traascription 
of die down- regulatory hmphokine IL-10. While (^sA in- 
hibits transcription of lL-6, this factor is not affected by 
FK-506. 

The coming year should witness publication of a vast ar- 
ray of randomized trials comparing the clinical outcome 
of liver and renal transplants in patients treatcxi with 
FK-506 versus CsA So far. a preliminary non- random- 
ized study of liver recipients showed tliat FK-506 therapy 
display's greater neurotoxicit\\ equivalent nephrotoxicity, 



but, po,ssibly, less hypertension than does CsA therapy 
(32»*J. A further claim that corticosteroids do not have 
to be used with FK 506 cannot be assessed due to two 
factors: firsdy, the protcxrol stipulated higher Pred doses 
in tlie CsA cohort than those used with FK-506; and 
sc*condl\', to date, there is no pharmacokinetic analysis 
of Pred concentrations in CsA versus FK-506 treatment 
groups in order to exclude a drug interaction. Addi- 
tionally, the exiremeh' poor results in the initial study; 
wherein allegedly CsA-resistant patients were convx;ned 
to treatment with FK-506, actually' reflected antagonism 
between the two drugs caused by (a) an adverse im- 
munological interaction between the two agents that ap- 
parently have similar mecIiariLsms of action [33] and (b) 
competitive pharmacokinetic interactions. Although FK- 
506 has not yet been shown to achieve clinical results 
even equivalent to those of CsA, eventual definition of its 
relative therapeutic window will depend upon Phase II 
studies to select well-tolerated drug doses for random- 
ized trials versus CsA therapy. 

>X''hen a scxrond agent, RS61443, was added in d(xses of 
2 500-3 500 mg per day to a CsA^ 'Pred regimen, it seemed 
to reduce the incidence of acute rejection episodes. How- 
ever, these high doses are likely to pnxluce toxicity, 
particularly leukopenia and gastrointestinal complaints 
(2«"). Randomized placebo-controlled trials are under- 
way to assess the efficaa' of RS61443 versus Aza added 
to a CsA/Pred regimen. Other studies are examining the 
impact of a fourth agent, deox^'spergualin, to potentiate 
an ALG/Aza''*Pred/CsA induction protcKoI. 

The studies that claimed Aza displays pharmacological 
s\iiergism with CsA failed to utilize rigorous experi- 
mental design or data analysis [34], For instance, both 
in ritro analy.ses [35] and clinical results demonstrate 
that Aza acts in an additive manner rather than s'vner- 
gisticaUy with CsA [36). Similarly, in r/Yro analyses sug- 
gest that RS61443 [37j. mizorbine [37], and thalidomide 
[5S\ al.so act in an additive manner with CsA. Although 
initial data suggested that BQR potentiates the effect of 
CsA [3**1, recent experiments document taie synergism 
[37]. However, CsA/U^PA combinations show the most 
impressive degree of sinergy both in intra and in vii^ 
(39). Once Phase I toxicity trials have been completed, it 
will be possible to assess whether BQR or RA1^\ displays 
the s\Tiergistic effects with CsA in human traasplantation 
that are evident in rodents and large animal mcxlels. 



New monoclonal antibody reagents 

Second generation mAbs are being designed to avoid the 
severe systemic reactions due to KTOphcjIdne rcle;tse that 
follow initial doses of OKT-3. For example, liie IgG2b 
anti-human a,- p 'I CR mAb BM\ 031 used for induction 
therapy (three 50 mg dos& administered on alternate 
days) delays the onset of first rejection epi.sodes and 
probably improves one-year graft sunival (R Knight and 
ED Kahan, unpublished data). Similar benefits have been 
reported widi mouse and rat mAbs pnxluced against the 
activation induced a -chain, or to new epitopes resulting 
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from t[ie formation of the ap complex, of the IL-2 recep- 
tor (8). 

However^ treatment with these antibodies leads to a 
high incidence of human anti-mouse antibodies, ^liich 
may anenuaie the immunosuppressive effects. Recent 
work has explored approaches to construct either (a) 
'chimeric' antibodies bearing human Fc segments joined 
to mouse F(ab*)2 fragments, or (b) 'humanized' mAbs 
with mouse idiotypes inserted onto human IgG isotypes 
(Fig.3). Chimeric antibodies combine the variable re- 
gions of mouse antibcxiies with human antibody constant 
regions and, therefore, present fewer foreign amino acid 
sequences to the host. However, one tfiird of the struc- 
ture is still of mouse origin. Furthermore, a clinical trial 
using a chimeric anii-CD7 nnAb not only failed to achieve 
a superior level of immunosuppression induction, but 
also increased the incidence of \uscular thromboses (7]. 
The latter effect mav have been related to the adhesion of 
Fc receptors on platelets and pol>'morphonuclear leuko- 
cytes to the human Fc regions, bound to endothelium 
via mouse epitopes. On the other hand, 'humanized' an- 
tibodies combine onh^ the smallest part of a mouse an- 
tibod>' that is required, the antigen combining site, with 
human variable region frameworks and constant regions, 
EHie to the reduced affinitv of ^humanized' antibodies for 
antigen cpitc^pcs, Co etaL [40* ] recommended two inno- 
\'ations: firstly, selection of a human framework that is as 
homologous to the original moase antibody as possible; 
and secondly, insertion of key residues from the mouse 
model into the construct in order to achievTe a molecular 
conformation that is similar to the native idiotype. Ilie 
beneficial effects of chimeric and * humanized' variants of 
mouse mAbs will be clarified only by randomized clinical 
trials. 

Two alternative approaches seek to utilize mAbs di- 
rected agaiast donor MHC antigens or against co- re- 
ceptor molecules. In a study of non- human primates. 



OKT-4A IgG2A mAbs, which react with the CD4 co- recep- 
tor on Th cells, provoked fewer side effects than OKT-3 
(6J. In an initial clinical trial of OKT-4A induction ther- 
apy (0,2 mg/lcg/doy), all six patients suffered rejections. 
These rejections were reversible, but left residual areas 
of dead tissue resulting from an obstruction of the blood 
supply in half the renal allografts. Unfommately, OKT-4A 
also generated a strong human anti-mouse antibody re- 
sponse 0 Barry, personal communication). Experimental 
animal models are currently being used to determine if 
antibody efficaq' Is related to T-cell deletion and is poten- 
tiated by simultaneous treatment with an anti CDS mAb. 
On the one hand, Fathman and colleagues [41 ] found 
that depleting anti-CD4 mAbs produced prolonged allo- 
unrespoasiveness toward allogeneic pancreatic Islets, an 
effect that was moderated by simulianeoas treatment vnth 
anti CDS'*" mAbs, suggesting the role of a regulator CD8 
cell. On the other hand, Waldmann and colleagues (42) 
induced tolerance lov^-ard mouse heart transplants where 
the donor and recipient were not matched at MIIC level 
using an anti-CD4 mAb that not onh' did not deplete T 
cells but also was potentiated by simultanajus adminis- 
tration of an anti-CD8 mAb. 

A second approach to co-receptor molecules is based on 
the interaction of lymphocyte function-associated anti- 
gen (LFA)-l on CTLs with the intercellular adhesion 
molecule (ICAM)-l or monocytes. Expression of ICAM-1 
is up- regulated following lymphokine release, which oc- 
curs during acute allograft rejection but not during other 
pathological events in the kidne>' (43»*1- Prophylactic and 
therapeutic administrations of a mAb directed against the 
high molecular weight a chain of human ICAM-1 alone 
delayed both the onset and progression of rejection 
episodes in primate renal allograft models. Using mouse 
mAbs directed against IJ-'A-l, Stoppa etaL (44) rev^ersed 
steroid resistant acute graft versus host reactions in man. 
Indeed, the combination of anti-ICAiVM and anti-LFA-1 
mAbs produced alio -tolerance in mice that were not com- 




fig. 3. Types of monoclonal antibody. 
Chimeric antibodies combine tin? vari- 
able regions of mouse antibodies with 
human constant regions and, therefore, 
present fewer foreign amino acid se- 
quences to the host. 'Humanized' anti- 
bodies combine only the smallest part 
of a mouse antibody that is required, 
the antigen binding site, with human 
variable region frameworks and con- 
stant regions. 
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patible at the iMHC level (45*»J. These promising results 
in aninial models asing mAbs directcxl against T-cell and 
monoqte co-receptors await confirmation in controlled 
clinical trials. 

While clinical interventions to date have focused on using 
mAbs directed towards surface epitopes important for 
the afferent limb of the alio immune response, there is 
increasing e\idence tiiat anti-idiot>pic antiNxJics. either 
exogcnously introduced or endogenously, spontaneously 
generated, may reflate the induction of allo-immune re 
sponses. A recent study performed by Snider ['^61 sug 
gested that immunization of hosts ^ath aniigen-aniibod)' 
complexes confers a bias in the epitope, resulting in a 
less efficient antibody response that shows anti -idiotypic 
properties. This approach represents a particularh' fenile 
ground tor cliniciil exploration. 



Cytokine receptor analogs and antagonists 

A new group of immunosuppressive agents are the cy- 
tokine receptor antagonists. The discovery and initial test- 
ing of an IL 1 receptor antagonist has been reviewed by 
Arend [47]. IgG-stimulated human moncxrytes naairall>' 
produce !H receptor antagonist, a heterogenous array 
of glj-coprotcins of 1 5-25 kD, depending upon their de- 
gree of glycosjiaiion, IL-1 receptor antagonist binds type 
I, but not type II, IL-I receptors without activating cells 
and with considcrabN* less avidity than native li.-la and 
IL-1. T>pe I lL-1 rcxeptors are present on Th2 cells 
and fibrobiasLs; T\pe II IL-1 receptors are present on 
B cells, neutrophils, and macrophages. Although ther- 
apeutic trials of IL-1 receptor antagonist in rheumatoid 
arthritis and septic shock suggest some beneficial effects, 
Fahcrt}' etal (48) failed to obsen^e that IL-1 receptor an- 
tagonist inhibited induction of CTLs, cutaneous DTH, or 
T cell dependent humoral antibody responses. They also 
found that administration of a mAb to t\pe U IL-I recep- 
tor (35F5) w:as ineffective Fanslow e/ cd [49*] recently 
extended their prcxious studies, wliich used coastmcts 
of the extra-membranous portion of the IL-1 receptor, 
by using similar coastructs of the IL-4 receptor. In the 
initial studies, tliey prolonged heterotopic pinnal, neona- 
tal mouse heart allograft survi\'al. but failed to prexent 
allo-sensitization, as documented by a rapid, secondary- 
type proliferative response upon in vitro one-way mixed 
lymphocyte reactions. In their recent studies, constructs 
of IL-4 receptor alone^ or in combination with rat anti- 
mouse IL-4 receptor mAb, induced modest prolongation 
of heart allo-explants. 



immunosuppressive drug trials 

Of die numerous obstacles currently hindeiing tlie devel- 
opment of efficacious immunosuppressive regimens, tlic 
lack of methodology for clinical transplantiition trials is of 
particular importance. To date, no scries of Phase I and * 
II toxicity and do.se-finding trials has been conducted in 



order to establish a foundation for clinical investigation. 
The introduction of Aza. sten^ds, and CsA, as well as die 
preliminary trials of FK 506, have relied upon empirical 
approaches. Important obstacles to comprehensive trials 
include the relatively small numbers of transplant cases, 
the use of unrefined end points such as graft and patient 
survival, and the lack of well-established criteria for the 
diagnosis and grading of rejection episodes, deficits that 
obfuscate the use of tliis event as an intermediate end- 
point. In addition, no in vitro immune assay predicts 
or correlates with in vivo immunosuppressive efficacy; 
hence, there is no surrogate immune parameter as a basis 
of immunosuppressive efficacy and/br for dose extrapo- 
lation from in t7/ro systems to in m-o conditions. 

Since present results w,ith CsA-based regimens yield ex- 
cellent graft survivals, extremely large numbers of pa- 
tients must be entered into clinical trials to document 
improved efficacy of a new agent. Even more extensive 
efforts will be needed to exclude the possibility diat the 
results with the new agent are not actually worse than 
thase obtained with the existent CsA regimen. In light 
of die presendy high success rates, the benefits of any 
new regimen mast be based upon bodi the potency' 
and tlie mitigation of side effects, as assessed by quan- 
titative parameters, including glomerular filtration rates. 
The practice of clinical research in transplantation must 
proceed to develop principles of rigorous study design 
and precise analytical tools in order to most expeditiously 
evaluate the available array of new immunosuppressants 
described in this review. 
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Background, Interleukin-12 (IL#-12) mediates its bio- 
logic activities via binding high-affinity receptors on T 
and natural killer cells. Although emphasis has been 
placed on the requirement for IL-12Rj32 in ILrl2 bio- 
activity, the role of IL-12R^1 is less well defined. The 
current study evaluated the effects of exogenous ILi-12 
on alloantigen-specific immune responses and deter- 
mined the requirement for IL-12R^1 in IL-12-mediated 
ailoimmunity. 

Methods, The mouse heterotopic cardiac transplant 
model was employed to evaluate the effects of ILrl2 on 
alloantigen-specific inunune responses in vivo. In ad- 
dition, IFN-y production in mixed lymphocyte cul- 
tiu^s <MLC) supplemented with IL-12 was measured to 
assess the effects of ILrl2 on Thl function in vitro. 
Mice deticient in IL-12Rpl (IL-12RpI-'") were used to 
determine the requirement for this receptor compo- 
nent in IL-12-driven alloimmune responses. 

Results* Addition of IL-12 to MLC consisting of wild- 
type splenocytes enhanced alloantigen-specific prolif- 
erative responses and Thl development. In contrast, 
IL-12 did not alter these in vitro immune parameters 
in IL-12R/51"'" MLC. Treatment of wild-type cardiac 
allograft recipients with IL-12 resulted in high concen- 
trations of serum interferon-y (IFN-y) and a 10-fold 
increase in IFN-y production by recipient splenocytes 
after restimulation in vitro. However, this fulminate 
Thl response did not accelerate allograft rejection. 
Importantly, IL-12 had no effect on sertun IFN-y or in 
vivo priming of Thl in IL-12Rpi~'" recipients. Finally, 
administration of IL-12 to WT allograft recipients re- 
sulted in a bimodal alloantibody response: antibody 
production was suppressed at high doses of IL-12, and 
enhanced at lower doses. 

Conclusions, IL-12 markedly enhances alloantigen- 
specific immune function; however, these exaggerated 
Thl-driven responses do not culminate in accelerated 
aUograft rejection. Further, these data indicate that 
IL-12RJ31 is essential for the enhancement of both in 
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vitro and in vivo alloimmune responses by exogenous 
IL-12. 

It is well established that interleukin-12 (IL-12*) is a crit- 
ical cytokine involved in the regulation of Thl- and Th2- 
mediated immune responses in several experimental models 
(reviewed in 1 and 2), IL-12 has direct stimulatory and in- 
hibitory effects on Thl and Th2, respectively (3-6). Further, 
this cytokine promotes Thl and inhibits Th2 development 
indirectly by inducing interferon-y (IFN-y) production by ac- 
tivated T cells and natural killer cells (7-12). Thl have been 
accepted as key regulators of allograft rejection, in that this 
cell type promotes both delayed-type hjrpersensitivity and 
cytotoxic T lymphocyte responses, which are believed to be 
the principle terminal effector mechanisms of acute allograft 
rejection (15, 14), An understanding of the role of IL-12 in 
graft rejection is just emerging. For example, IL-12 clearly 
augments alloreactive Thl development in vitro (15), How- 
ever, the presence of IL-12 is not mandatory for the develop- 
ment of acute cardiac allograft rejection (25, 16). Hence, an 
important question is whether enhanced Thl function alters 
the rejection response. Given the IL-12/Thl dogma, one 
would predict that IL-12 would augment alloreactive Thl 
function, resulting in accelerated allograft rejection. The 
present study therefore was designed to test the hypothesis 
that IL-12-driven Thl responses would exacerbate cardiac 
allograft rejection. 

IL-12 mediates its biologic effects by interacting vnth a 
high-affinity receptor, which consists of at least two cloned 
components, IL-12Rpl and IL-12R/32 (17-19), lL-12Rpi in- 
teracts with the p40 subunit of IL-12, whereas the p35 sub- 
unit of IL-12 is believed to bind to IL-12R^2 (19, 20). Em- 
phasis has been placed on the necessity for IL-12R^2 in IL-12 
signaling (21, 22). However, by utilizing IL-12Rj31 knockout 
mice (IL-12Rpi~^"), Wu et al. (23) recently reported that the 
pi subunit of IL-12R is essential for IL-12-driven prolifera- 
tion and IFN-y production by mitogen-activated blasts, nat- 
ural killer cell lytic activity, and IFN-y production in re- 
sponse to endotoxin. We have reported that the p40 subunit 
of IL-12 stimulates alloreactive CD8+ Thl development both 
in vitro (24) and in vivo (15), These observations suggest that 

* Abbreviations: Con A, concanavaUn A; ELISA, enzyme-linked 
immunosorbent assay; GVHD, graft-versus-host disease; H&E, he- 
matoxylin and eosin; IFN-7, interferon-y; IL, interleukin IL- 
12R^1~'~, mice deficient in /31 subunit of IL-12 receptor; mAb, mono- 
clonal antibody; MLC, mixed lymphocyte culture; WT, wild-type. 
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IL-12R/31 may be needed for alloreactive Thl development, 
and that signaling through IL-12Rj31 may be sufficient to 
mediate IL-12*s biologic activity on CD8+ T cells. Hence, the 
present study employed IL-12R)31~^" mice to determine 
whether /31 subunit of IL-12R is required for IL-12-induced 
alloantigen-specific immune responses. To our knowledge, 
this study is the first to investigate the effects of ILrl2 
treatment on alloreactive Thl development in vivo and to 
establish a mandatory role for IL-12R/31 in IL-12-driven al- 
loimmune responses. 

MATERIALS AND METHODS 

Mice. Wild-type (WT) C57BU6 and BALB/c mice between 6 and 
12 weeks of age were obtained from Charles River Laboratories 
(Raleigh, NC). Generation of C57BLy6 IL-12Rpi"'" mice has been 
described previously (25). These mice were generated on the 129/Sv 
background and back-crossed to C57BIV6 mice for five generations, 
then intercrossed to generate ho mo zygotes. 

Medium. The culture medium used in these studies was Dulbec- 
co's minimum essential medium supplemented with 1.6 mM u-glu- 
tamine, 0.27 mM L-asparagine, 1.4 mM L-arginine HCl, 14 /xM folic 
acid, 10 mM HEPES buffer, 1.0 mM sodium pyruvate, 100 units/ml 
penicillin/streptomycin, 2% fetal calf serum (all obtained from Life 
Technologies, Grand Island, NY), and 5x10'® M 2-mercaptoeth8Uiol 
(Sigma Chemical, St Louis, MO). 

Mitogen-driven cytokine production. To investigate the require- 
ment for the ^1 subunit of IL-12R in mitogen-stimulated IL-10 and 
IFN-y production, splenocytes (2 X 10® cells/ml) isolated from naive 
WT or IL-12R^1"'" C57BI76 mice were incubated for 72 hr with 1 
ftg/m\ concanavalin A (Con A) (Sigma Chemical). Cultures were 
supplemented with 1 ng/ml murine recombinant IL-12 (rIL-12) 
(kindly provided by Dr. Maurice Gately, Hoffmann-La Roche Inc.) to 
assess the effect of exogenous IL-12 on Con A-stimuIated cytokine 
production by splenocytes of WT and IL-12R/31 -deficient mice. Re- 
sulting supematants were harvested at 72 hr, and the concentra- 
tions of IL-10 and IFN-y measured by enzyme -linked immunosor- 
bent assay (ELISA). 

In vitro alloimmune responses. To assess alloantigen-specific Thl 
development, splenocytes (Ix 10® cells/ml) isolated from naive WT or 
IL-12Ri31~'" C57BL/6 mice were incubated for 5 days with irradi- 
ated (5000 rads) BALB/c splenocytes (1x10® cells/ml). Where indi- 
cated, 1 ng^ml of murine rIL-12 was added to primary mixed lym- 
phocyte cultures (MLC) to assess the effect of exogenous IL-12 on 
alloantigen-driven Thl function and to evaluate whether Thl from 
IL-12R/31-deficient mice were responsive to IL-12 stimulation. The 
concentration of rIL-12 was selected from dose-response experiments 
in which the amount of rIL-12 needed for maximal enhancement of 
alloantigen-specific proliferation was 5-10 ng/ml (data not shown). 
Resulting cell populations were harvested, washed three times, and 
restimulated (at ixlO® cells/ml) with irradiated BALB/c stimulator 
cells (ixlO® cells/ml). MLC supematants were collected after 24 hr 
(IL-4 and IL-lOj or 72 hr (IFN-y), and cytokine concentrations mea- 
sured by ELISA. 

In addition, splenocyte proliferative response to alloantigens was 
determined in cultures either left unmodified or supplemented with 
1 ng/ml murine rIL-12. WT or IL-12R)31-'- C57BL/6 splenocytes 
( 1 X 10® cells/ml) were stimulated for 5 days with irradiated BALB/c 
splenocytes (ixlO® cells/ml) in 96-well U-bottom plates (Becton 
Dickinson, Lincoln Park, NY) in a final volume of 200 ^1 (done in 
quadruplicate). Cultures were pulsed with 0.5 /iCi/well [methyl- 
^Hl thymidine (ICN, Costa Mesa, CA) for the final 8 hr of the incu- 
bation period. [methyl-^H] Thymidine incorporation was assessed on 
a Wallac 1205 Betaplate scintillation counter (Wallac, Turku, Fin- 
land). 

Heterotopic cardiac transplantation. Intact BALB/c (H2**) hearts 
were anastomosed to the great vessels in the abdomens of WT or 
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IL-12R^1-'- C57BL/6 (H2**) mice as described by Corry et al. (25) ^ 
this model, the transplanted heart is perfused with the recipiei^j* 
blood and resumes contractions until acutely rejected, which occurs 
in unmodified WT recipients of this strain combination in approxj 
mately 8-9 days (i5, 24). Graft function was evaluated by daily 
abdominal palpation. Myocyte damage and intensity of grafl-liify 
trating cells were assessed by routine hematoxylin and eosin (H&E) 
staining of paraffin-embedded sections of transplanted allografts 

Experimental groups. Cardiac allograft recipients were divided 
into four groups: (1) recipients injected intraperitoneally with 1 mgof 
anti-CD8 monoclonal antibody (mAb) (hybridoma 2.43, purified by 
Montana ImmunoTech Inc., Bozeman, MT) on days -2 and -1 
before transplantation, (2) animals given daily intraperitoneal injec- 
tions of murine rIL-12 (0.1 or 1.0 fig) on days 1-6 after transplan- 
tation, (3) recipients injected with a combination of 2.43 anti-CD8 
mAb plus rIL-12, and (4) unmodified (no treatment) mice, which 
served as controls. Depletion of CD8+ cells (<2%) was verified by 
flow cytometry using anti-CD8:fluorescein isothiocyanate antibody 
(PharMingen). 

In vivo alloLmmune responses. To monitor in vivo Thl develop- 
ment, splenocytes (ix 10^ cells/ml) obtained from allograft recipients 
were restimulated with irradiated BALB/c stimulator cells (1X10^ 
cells/ml), and the concentration of IFN-y was measured by ELISA 
As an additional measure of the in vivo activity of IL-12 on IFN-7 
production, sera IFN-y concentrations in WT and IL-12Rpi~'" car- 
diac allograft recipients were measured by ELISA. Further, to assess 
the effect of IL-12 treatment on B cell function, sera alloantibody 
(IgM, IgGl, and IgG2a) levels were determined (see below). 

Cytokine ELISA. Experimental samples (100 /il) were added in 
triplicate to plates coated with 5 p^tal rat anti-mouse IFN-y, IL-4, or 
IL-10 capture antibodies (PharMingen). Standards were employed 
by preparing 2-fold dilutions of murine recombinant IFN-y, IL-4, and 
IL-10 (PharMingen), with a starting concentration of 25, 2.5, and 10 
ng/ml, respectively. After a 1-hr incubation at room temperature, 
plates were washed three times with 0.05% Tween 20 in PBS. One 
hundred microliters of rat anti-mouse secondary biotinylated anti- 
bodies (1 ^xg/ml) (PharMingen) was then added, and plates were 
incubated at room temperature for 45 min. Plates were then washed 
three times with 0.05% Tween 20 in PBS. and 100 ml of avidin- 
pepoiddase (Sigma Chemicals) was added. After a 30-min incubation 
at room temperature, plates were washed three times with 0.05% 
Tween 20 in PBS, and 100 mi of 2,2'-azino-bis(3-ethylbenzthiazoline- 
6-sulfonic acid) substrate (Sigma Chemical) was then added to each 
well. Aft«r 20 min, absorbance was determined at 405 nm by an EL 
800 microplate reader (Bio-Tek Instruments, Winooski, VT), Sample 
cytokine concentrations were calculated from a standard curve. The 
sensitivity of this assay is approximately 300 pg/ml for IFN-y, 100 
pg/ml for IL-4, and 150 pg/ml for IL-10. 

Sera alloantibody determination. P815 cells (H2**) were stained 
for flow cytometric analysis using dilutions of sera (1:50) obtained 
from cardiac allograft recipients as the primary sintibody, followed by 
fluorescein isothiocyanate-conjugated isotype-specific anti-mouse 
IgM, IgGl, and IgG2a secondary antibodies (The Binding.Site, San 
Diego, CA), Data are reported as the mean channel fluorescence 
determined on a Becton Dickinson FACScan. 

Statistics. Statistical analyses in this study were done using a 
Student's t test performed by the program StatView 4.1. 

RESULTS 

Requirement for IL-I2Rpl in T Cell Responses in Vitro 

Enhancement of mitogen-driven IFN-y and IL-lO produc- 
tion by IL'12 requires IL-12RpL IL-12 stimulates concomi- 
tant production of IL-10 and IFN-y by activated T cells (15, 
26, 27). To determine whether ^1 subunit of IL-12R is re- 
quired for production of these cytokines, C57BL/6 spleno- 
cytes isolated WT or IL-12Rj31-deficient mice were stimu- 
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lated with Con A for 72 hr, and supernatant cytokine 
concentrations were determined by ELISA. Production of the 
Thl cytokine IFN-7 by Con A-stimuIated splenocytes isolated 
from ILrl2R01"^" mice was readily detectable (Fig. lA), al- 
though concentrations were lower than that seen in WT 
controls (IL-12Rj31-'~ =1.03 ng/ml vs. WT=5.24 ng/ml). Ad- 
dition of exogenous rIL-12 significantly enhanced IFN-7 pro- 
duction by mitogen-stimulated splenocytes obtained from 
WT mice (15.79 ng/ml). In contrast, IFN-7 production by 
splenocytes from IL-12Rj(31~^~ mice was not altered after the 
addition of rIL.12 (1.54 ng/ml). 
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Figure 1. Mitogen-driven cytokine production by splenocytes iso- 
lated from ILrl2R/31"'" mice. Splenocytes (2x10® cells/mi) obtained 
from WT or IL-12Rpi"'" C57BL/6 mice were stimulated in vitro with 
1 /Ag/ral Con A. Cultures were either left untreated or supplemented 
with murine rILrl2 (1 ng/ml). Supematants were collected after 72 
and the concentrations of IFN-y (A) and IL-10 (B) were deter- 
mined by ELISA. Results are expressed as the mean cytokine con- 
centration in triplicate samples ± SD, Data are representative of 
three separate experiments. In panel A, *» P<0.05 (WT unmodified 
vs. IL-12R^1-'- unmodified); ***, P<0.005 (WT unmodified vs. WT 
lL-12-treated). In panel B, *, P<0.05 (WT unmodified vs. WT IL-12- 
treated). 



The requirement for IL-12Rpi in IL-12-driven IL-10 pro- 
duction also was assessed- Splenocytes isolated from IL- 
12Rpl-deficient mice produced similar levels of IL-10 upon 
Con A stimulation when compared to WT cells (Fig. IB). 
rIL-12 enhanced Con A-stimulated IL-10 production by WT 
splenocytes (2.70 ng/ml vs. 5.65 ng/ml). However, the )31 
subunit of IL-12R was required for this response, as IL-12 did 
not affect IL-10 secretion by mitogen-stimulated IL- 
12Rj31~^" splenocytes. 

In vitro alloreactive T helper cell development To evaluate 
the requirement for IL-12R)31 in IL-12-driven alloantigen^ 
specific T cell development, naive splenocytes obtained firom 
WT or IL-12R/31~^~ mice were incubated for 5 days with 
irradiated BALB/c splenoc3rtes in primary MLC, which were 
either left unmodified or supplemented with rIL-12. Result- 
ing cell populations were restimulated with irradiated 
BALB/c splenocytes in the absence of rIL-12, and in vitro 
IFN-y, ILf-4, and IL-IO production determined by ELISA 
(Table 1). Primed WT splenocytes secreted high levels of 
IFN-y xxpon restimulation with alloantigens. Splenocytes ob- 
tained firom IL-12Rpl~^" mice secreted IFN-y upon restimu- 
lation with alloantigens, albeit to a lesser degree than WT 
cells (WT=21.32 ng/ml vs. IL-12R/31"^-=5.72 ng/ml). The 
decrease in alloantigen-stimulated IFN-y production in IL- 
12R)31-deficient mice was not associated with a decrease in 
the cells* ability to proliferate in response to alloantigens 
(Fig. 2), in that (methyl-^H] thymidine incorporation by al- 
loantigen-stimulated IL-12R/31"^~ splenocytes was similar to 
that seen by WT cells (IL-12Rj31"^" = 13,385 cpm vs. 
WT= 11,441 cpm). In both groups, IL-4, IL-10 (Table 1), and 
IL-5 (data not shown) were not detected in cultures that were 
not supplemented with exogenous rIL-12. 

As shown in Table 1, exogenous r IL-12 markedly enhanced 
IFN-y production by WT splenocytes in vitro (21.32 ng/ml vs. 
215.13 ng/ml), but failed to augment IFN-y secretion by cells 
obtained fi-om IL-12Rpl~^" mice (5.72 ng/ml vs. 6.80 ng/ml). 
Likewise, rIL-12 significantly enhanced WT splenocyte pro- 
liferation in the MLC (Fig. 2), but did not alter the prolifer- 
ative ability of splenocytes isolated fi"om IL-12R/31-deficient 
mice. Finally, the addition of exogenous rIL-12 to culttures 



Table 1. IL-12 does not enhance alloantigen-specific Thl 
development in IL-12R^1"'" mice in vitro" 



Treatment 


IFN-y 
(ng/mi) 


IL-4 
(ng/ml) 


IL-10 
(ng/ml) 


Unmodified 








WT 


21,32±0.88 


ND 


ND 


IL-12R^r'- 


5.72±0.24** 


ND 


ND 


IL-12 (1 ng/ml) 








WT 


215, 13± 13.52*** 


ND 


1.54±0.21 


IL-12R^1-'- 


6.80±0.21 


ND 


ND 



Splenocytes (1x10® cells/ml) obtained from WT or IL-12R^1-'- 
C57BIV6 mice were incubated for 5 days with irradiated allogeneic 
splenocytes (1x10® cells/mi) in unmodified MLC or MLC supple- 
mented with murine rIL-12 (1 ng/mi). Resulting cell populations 
were harvested and restimulated with alloantigens for cytokine de- 
termination. Supematants concentrations of IFN-7 (72 hr), IL-4 (24 
hr), and IL-10 (24 hr) were measured by ELISA. Results are ex- 
pressed as the cytokine concentration in triplicate samples (mean ± 
SD), Data are representative of four separate experiments. ND in- 
dicates not detectable. **, P<0.01, WT unmodified vs. IL-12R^1~'- 
unmodified; ***, P<0.005, WT unmodified vs. WT IL-12-treated. 
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Figure 2. The pi subunit of IL-12 receptor is required for IL-12- 
induced stimulation of alloantigen-specific splenocyte proliferation. 
C57BL/6 splenocytes (ixlO® cells/ml) were stimulated with irradi- 
ated allogeneic BALB/c splenocytes (ixlO® cells/ml) in 96-well mi- 
crotiter plates for 5 days. Cultures were puUed with 0.5 p.CiAvell 
[methyl-^H] thymidine for the final 8 hr of the incubation period, and 
thymidine incorporation was determined by liquid scintillation spec- 
trophotometry, Results are expressed as the mean cpm in quadru- 
plicate samples ± SD. Data are representative of three separate 
experiments. *, P<0,05 (WT unmodified vs. WT IL-12-treated). 

stimulated the secretion of IL-10 by alloantigen-stimulated 
WT splenocytes, but not IL-12Ri31"^" cells (Table 1). Collec- 
tively, these data indicate that the ^1 subunit of ILf-12R is 
required for the enhancement of several in vitro alloimmune 
responses by exogenous r IL-12, including increased alloanti- 
gen-stimulated T cell proliferation, and IFN-y and IL-IO 
production. 

Effects of Exogenous IL-12 on Alloimmune Responses 

in Vivo 

Enhancement of serum IFN-y by IL-12 treatment. To mon- 
itor the m situ effects of ILf-12 treatment on IFN-y production 
in cardiac allograft recipients, serum IFN-y concentrations 
were measured on day 7 after transplantation (Fig, 3). In 
both WT and IL-12R/31~^~ allograft recipients, serum IFN-7 
was undetectable by ELISA on day 7 after transplantation. 
Treatment of WT recipients with rILf-12 markedly increased 
serum IFN-y in three independent experiments; however, 
this treatment regimen had little effect on the concentration 
of serum IFN-y in ILrl2Rpi"'" allograft recipients. 

Effects of IL-12 on alloantigen-specific Thl development in 
vivo. Splenocytes obtained from cardiac allograft recipients 
were restimulated in vitro with donor alloantigens and su- 
pernatant concentrations of IFN-y were determined by 
ELISA. This assay detects in vivo primed Thl, in that spleno- 
cytes from naive, nontrans planted mice produce minimal or 
undetectable levels of IFN-y under these conditions {15, 16, 
24), Restimulation of splenocytes from unmodified IL- 
12Rj31~'~ allograft recipients with donor alloantigens re- 
sulted in the secretion of similar amounts of IFN-y compared 
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Figure 3. Treatment of WT, but not IL-12R/31~''" allograft recipi- 
ents with rIL-12 markedly increases serum IFN-y. WT or ILr 
12R^1-'- 0578176 mice bearing BALB/c cardiac allografts were 
either left untreated or given daily intraperitoneal injections of 1.0 
/ig of rIL-12 on days 1-6 after transplantation. On day 7, blood 
obtained from allograft recipients was pooled and serum collected 
after centrifugation. Serum IFN-y was determined by ELISA, Re- 
sults are expressed as the mean cytokine concentration in triplicate 
samples ± SD. Data are representative of three independent exper- 
iments. ND indicates not detectable. ***, P<0.005 (WT IL-12-treated 
vs. IL-12R^1-^- IL-12-treated)- 



to that seen in WT recipients (IL-12R/31~^~=7.16 ng/ml vs. 
WT=6.24 ng/ml) (Fig. 4). Treatment of WT recipients with 
IL-12 resulted in a 10-fold increase in the production of IFN-y 
(59.05 ng/ml). In contrast, IFN-y production by splenocytes 
obtained from IL-12R/31"'^'" recipients treated with IL-12 in 
vivo was similar to untreated values (9.59 ng/ml), indicating 
that the pi subunit of IL-12R is required for IL-12-mediated 
enhancement of in vivo sensitization of IFN-y-producing 
cells. Further, these results indicate that in vivo Thl devel- 
opment can occur in a state of IL-12 unresponsiveness. 

Effects of exogenous IL'12 on cardiac allograft rejection. 
As IL-12 treatment markedly enhsmced Thl responses in WT 
allograft recipients (Figs. 3 and 4), one might predict that 
IL-12 treatment would exacerbate allograft rejection. To test 
this possibility, cardiac allograft function was monitored by 
daily abdominal palpation in WT or IL-12Rj31"^~ allograft 
recipients bearing BALB/c hearts. Cardiac allograft recipi- 
ents were either left untreated or injected once daily with I.O 
/xg of rIL-12. Treatment of WT allograft recipients with this 
dose of rIL-12 (n=10) resulted in symptoms of cachexia in- 
cluding weight loss (mean decrease =2.0 ±0.7 g in 1 week), 
ruffed fur, hunched posture, and decreased activity. In con- 
trast, IL-12Rj31''^~ allograft recipients exhibited no signs of 
IL-12-induced toxicity. 

The mean cardiac allograft survival in unmodified WT 
recipients was approximately 8 days (data not shown; 15, 24). 
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Figure 4. Enhancement of in vivo sensitization of IFN-y-producing 
cells by IL-12 requires IL-12R^1. WT or IL-12Rpi-'^- C57BL/6 car- 
diac allograft recipients were either left untreated or injected daily 
with 1.0 ^ig of rlL-12 on days 1-6 after transplantation. To assess in 
vivo Thl development, splenocytes (1X10® cells/ml) obtained from 
cardiac allograft recipients were restiraulated with irradiated 
BALB/c splenocytes (1x10® cells/ml). Supematants were collected 
after 72 hr, and the concentration of IFN-7 was determined by 
ELISA. Results are expressed as the mean concentration of IFN-7 in 
triplicate samples ± SD. Data are representative of three separate 
experiments. ***, P<0.005 (WT unmodified vs. WT IL-12-treated). 



Cardiac allografts in IL-12R)31"^" recipients were rejected in 
a similar fashion to that seen in IL-12-deficient mice (i5), in 
that grafts w^ere uniformly rejected by day 7 (n=8). As ex- 
pected, treatment of IL-12R^1"^~ allograft recipients with 
rIL-12 had no effect on the tempo of allograft rejection (n=6). 
Interestingly, despite the overwhelming Thl response in- 
duced by rIL-12 in WT allograft recipients (Figs. 3 and 4), 
treatment of these animals with rIL-12 did not appear to 
accelerate the tempo of graft rejection when compared to 
grafts of untreated WT recipients on day 7 after transplan- 
tation. For example, 7 of 10 (70%) allografts of WT recipients 
treated with rIL-12 were still functioning on day 7. A histo- 
logic evaluation of these grafts revealed similar parameters 
of early rejection compared to unmodified WT recipients. 
Specifically, histology was characterized by diffuse mononu- 
clear cell infiltrates, viable myocytes as evidenced by visible 
nuclei, and relatively uninvolved vessels (Fig. 5). Hence, 
rlL-12 treatment did not accelerate the pathologic changes 
associated with acute rejection. 

Phenotype of alloantigen- reactive Thl in WT allograft re- 
^le/i^s treated with r!L'12, To determine the phenotype of 
^1 responsive to exogenous rIL-12, WT cardiac recipients 
were depleted in vivo of CD8+ T cells (Fig. 6). Splenocytes 
obtained from CDS depleted cardiac allograft recipients pro- 
duced markedly less IFN-7 upon in vitro restimulation with 
in-adiated donor splenocytes (WT unmodiried=6.15 ng/ml vs. 
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Figure 5. Exogenous IL-12 does not exacerbate cardiac allograft 
rejection. C57B176 WT recipients of BALB/c cardiac allografts were 
either left untreated or injected intraperitoneally with murine rlL-12 
(1.0 ^tg) on days 1-6 after transplantation. On day 7, allografts were 
harvested for histologic evaluation. (A) H&E-stained section of allo- 
grafts from WT recipients left untreated (original magnification, 
X400). (B) H&E-stained section of allografts from WT recipients 
treated with rIL-12 (original magnification, x400). Note in both 
experimental groups moderate mononuclear cell infiltrates, and rel- 
ative health of myocytes and vessels. These characteristics are asso- 
ciated with the early phase of acute rejection before onset of myocyte 
necrosis amd vascular damage, which is observed on days 8 or 9 after 
transplantation. Results are representative of at least 10 individual 
transplants for each experimental group. 



WT ahti-CD8 mAb-treated=0.52 ng/ml). Similarly, Thl that 
develop as a result of IL-12 stimulation in these experiments 
were predominantly CD8+ T cells (Fig. 6), as depletion of 
CDS cells resulted in a reduction in IFN-y production (WT 
IL-12-treated=35.89 ng/ml vs. WT IL-12 plus anti-CDS mAb- 
treated=2.75 ng/ml). 

IL-12 Treatment (1.0 fig /Day) Inhibits 
Alloantibody Responses 

Given our findings that treatment of WT cardiac allograft 
recipients with rIL-12 resulted in significant augmentation 
of serum IFN-y (Fig. 3) and in vivo priming of Thl (Fig. 4), 
one would predict that IL-12 treatment should drive IgG2a 
alloantibody production. To test this possibihty, sera alloan- 
tibody production was assessed on day 7 after transplanta- 
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Figure 6. Alloantigen-specific Thl responding to exogenous rIL-12 
are CD8+ T cells. In these experiments, splenocytes were obtained 
from cardiac allograft recipients either left untreated or treated with 
anti-CDS mAb, rILrl2, or a combination of anti-CDS mAb plus rlL- 
12. Thl ftmction was assessed by IFN-y production after a 72-hr 
restimulation of recipient's splenocytes with irradiated BALB/c 
splenocytes. Results are expressed as the mean concentration of 
IFN-7 in triplicate samples ± SD. Data are representative of three 
separate experiments. ***, F<0.005 (WT unmodified vs. WT anti- 
CDS mAb-treated; WT IL-12-treated vs. WT IL-12 plus anti-CDS 
mAb-treated). 

tion in WT cardiac allograft recipients either left unmodified 
or treated once daily with 1.0 fig of rIL-12. In these experi- 
ments, sera IgG2a was undetectable in rIL-12-treated WT 
allograft recipients at this time point (data riot shown). Fur- 
ther, treatment of WT recipients with rIL-12 resulted in 
reduced sera IgM alloantibody in three independent experi- 
ments, compared to untreated WT recipients (Table 2). This 
observation indicates that high doses of rILrl2 inhibit, rather 
than enhance, alloantibody production in this model. In con- 
trast, treatment of ILrl2Rpl"^~ allograft recipients with 

Table 2. High-dose rIL-12 inhibits IgM production in vivo° 



Serum IgM (mean channel fluorescence) 





Unmodified 


IL-12 Treatment 


WT 






Experiment 1 


37.18 


9.85 


Experiment 2 


33-97 


11.39 


Experiment 3 


78.51 


27-37 


IL-12Rj31~'- 






Experiment 1 


17.36 


31.52 


Experiment 2 


33-83 


43.64 


Experiment 3 


21.67 


35.96 



* Serum was obtained on day 7 after transplantation from WT or 
ILrl2R01"''~ cardiac allograft recipients. Animals were either left 
untreated or injected with 1 fig of rIL-12 once daily. Anti-BALB/c 
IgM was assessed by flow cytometry using P815 (H2**) target cells as 
described under Materials and Methods. Data are reported as the 
mean channel fluorescence and represent three separate experi- 
ments for each group. 
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rILrl2 resulted in a slight increase in sera IgM compared to 
unmodified knockout recipients. 

Effects of Low -dose IL-12 (0.1 fxg/Day) on 
Alloantibody Responses 

The reduction in sera IgM in WT allograft recipients aft^r 
rIL-12 (1.0 /xg/day) treatment (Table 2) may have been 
caused by anti-proliferative or toxic effects on B cell function 
caused by r IL-12 and/or IFN-7. To test this possibility, WT 
cardiac allograft recipients were treated once daily with 0.1 
pLg of rIL-12 and sera alloantibody levels were assessed on 
day 7 or 8 after trainsplantation. No alterations in the pathol- 
ogy of allograft rejection was observed in recipients treated 
with 0.1 /ig of rIL-12 compared to 1.0 /utg (data not shown). 
Further, treatment of WT allograft recipients with 0.1 jitg of 
rILrl2 resulted in significantly less IL-12-induced toxicity, 
serum IFN-7 concentrations in these animals were undetect- 
able by ELISA, and in vivo Thl sensitization was similar to 
untreated allograft recipients (data not shown). These re- 
sults suggested that the 0.1-/xg dose of rIL-12 was ineffective 
in vivo. However, unlike the higher dose of rILf-12 (1.0 p^), 
treatment of WT cardiac allograft recipients with 0.1 fig of 
rILr 12^ resulted in an increase in sera IgG2a, but not IgGl at 
both days 7 and 8 after transplantation (Table 3). Further, 
IL-12 treatment augmented sera IgM levels at both time 
points. 

DISCUSSION 

Bioactive IL-12 exists as a p70 heterodimer composed of 
p35 and p40 subunits (28, 29). Each subunit of IL-12 inter- 
acts with a distinct component of the IL-12R: p40 binds to 
IL-12RP1 and p35 interacts with IL-12R02 (29, 20). Both 
receptor subunits are associated with members of the Janus 
kinase family {30), and therefore may facilitate IL-12-medi- 
ated signal transduction. However, most of the attention has 
been given to IL-12Rp2, which associates with JAK2 (30). For 
example, recent evidence supports a requirement for IL- 
12Rp2 expression in IL-12-induced phosphorylation of Stat4 
(22, 22). Further, these studies revealed the importance of 
the p2 subunit of IL-12R by demonstrating that the unre- 
sponsiveness of Th2 to IL-12 in both human (21) and mouse 
(22) is a result of loss of IL-12Rp2 expression by these cells. 
These results indicate that the binding of the p40 subunit of 



Table 3. Low-dose r IL-12 augments IgM and IgG2a production in 

vivo" 

Mean channel fluorescence 






IgM 


IgGl 


IgG2a 


Experiment 1 (day 7) 








Unmodified 


11.90 


2.06 


2.58 


IL-12 


28.94 


2.67 


12-79 


Experiment 2 (day 8) 








Unmodified 


31.54 


8.53 


16.31 


IL-12 


46.57 


9.72 


49.00 



° Serum was obtained on day 7 or 8 after transplantation from 
cardiac allograft recipients either left untreated or injected with 0.1 
^ of rIL-12 once daily. Isotype-specific anti-BALB/c alloantibody 
was assessed by flow cytometry using P815 (H2**) target cells as 
described under Materials and Methods. Data are reported as the 
mean channel fluorescence. Mean channel fluorescence for isotype 
controU were 1.65 (IgM), 1.67 (IgGl), and 1.57 (IgG2a). 
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ILrl2 to IL-12R/31 is not sufficient to mediate the bioactivity 
of heterodimer IL-12. However, we have reported that p40 
promotes al loan ti gen-specific CD8-f Thl development in the 
absence of heterodimer ILrl2 (25). This observation suggests 
that ILrl2 p40 mediates its stimulatory effect through IL- 
12Rpi alone, or that 1L-12R)31 associates with a yet uniden- 
tified component of IL-12R on CD8+ T cells. These possibil- 
ities have not been tested. Additional data are emerging that 
support a biologic role of p40 interacting with IL-12Rj31 U)- 
Specifically, p35 knockout mice, which are capable of produc- 
ing p40 in levels similar to WT mice (31), are less susceptible 
to infection with Listeria and Cryptococcus neoformas com- 
pared to p40 knockout mice. Hence, one goal of the current 
study was to assess the role of IL-12Rpl in alloimmune 
responses both in vitro and in vivo. 

IL-12 is a potent stimulator of in vitro alloantigen-specific 
Thl development, in that the addition of IL-12 to MLC con- 
sisting of WT responder splenocytes resulted in a 10-fold or 
greater increase in IFN-y production (Table 1; 75). Exoge- 
nous rIL-12 also markedly augments in vitro Thl develop- 
ment in mice that are deficient in p35, p40 (15) or both 
subunits of IL-12 (JR Piccotti and DK Bishop, unpublished 
observations), indicating that T cells of these mice are 
equipped with a functional IL-12R. In contrast, IL-12 did not 
alter MLC IFN-7 production by splenocytes of IL-12R01~'" 
mice (Table 1), This result illustrates the requirement of )31 
subunit of ILrl2R for IL-12-driven Thl differentiation in 
vitro. It should be noted that, although IFN-y production by 
IL-12Rpi~^" splenocytes in MLC was reduced compared to 
WT values (Table 1), this cytokine was readily detectable by 
ELISA, suggesting that IL-12 is not an absolute requirement 
for in vitro Thl responses. 

IL-12 is also a key cytokine involved in promoting cell- 
mediated immune responses in vivo (7, 2). However, what 
role IL-12 plays in transplant rejection remains unclear. It 
has been reported that IL-12 has a central role in the pro- 
gression of acute grafti-versus-host disease (GVHD) in mice 
(6, 32). In these studies, neutralizing IL-12 with a polyclonal 
anti-ILrl2 antibody results in the amelioration of acute 
GVHD (32) and, conversely, treatment with exogenous ILr-12 
converts chronic GVHD into exacerbated acute GVHD (5, 32). 
Further, Williamson et al. (33) have reported that neutraliz- 
ing IL-12 during the inductive phase of GVHD results in a 
Thl to Th2 shift evidenced by a reduction in IFN-y and 
enhancement of IL-5 and IL-10 production by Con A-stimu- 
lated splenocytes. In contrast to these ffndings, neutralizing 
IL-12 in mouse vascularized cardiac allograft recipients pro- 
motes intragrafl Th2 cytokine (IL-4 and IL-10) gene expres- 
sion; however, these grafts are rejected in an accelerated 
fashion compared to untreated recipients (16). Importantly, 
in vivo Thl priming is not inhibited by IL-12 neutralization, 
indicating that Thl development can occur independent of 
IL-12 (76). This possibility is further supported by the obser- 
vation that splenocytes of IL-12R)31"^" allograft recipients 
produce similar concentrations of IFN-y upon restimulation 
with donor splenocytes compared to WT recipients (Fig. 4). It 
does not appear that Thl development in IL-12Rpi~^" mice 
IS a result of the interaction of endogenous IL-12 with the 
low -affinity IL-12R)32, as treatment of these animals with 
rIL-I2 did not augment in vivo priming of IFN-y-producing 
cells (Figs. 3 and 4). 



A second hypothesis tested in the current study was treat- 
ment of cardiac allograft recipients with IL-12 would accel- 
erate the rejection process as a result of exacerbated Thl- 
driven immune responses. Administration of exogenous 
rIL-12 significantly augmented in vivo sensitization of IFN- 
y-producing cells in WT cardiac allograft recipients, as evi- 
denced by increased sera IFN-7 (Fig. 3) and enhanced pro- 
duction of IFN-y by splenocytes after restimulation with 
donor alloantigens in vitro (Fig. 4). However, this fulminate 
Thl response in vivo did not result in anticipated accelera- 
tion of graft rejection when compared to untreated control 
recipients (Fig. 5), It is possible that induction of high sys- 
temic levels of IFN-y results in an inhibition of immune 
response as a result of IFN-Vs anti-proliferative properties 
on effector cell development (34). However, graft survival 
was not prolonged afler rIL-12 treatment in the current 
study. This observation questions the overall importance of 
Thl responses in this experimental model, and suggests that 
the mag^tude of Thl-driven alloimmune response may not 
correlate directly to the severity of graft rejection. Indeed, 
Th2-driven immune responses are emerging as potential ef- 
fector cells of rejection in both human and experimental 
transplantation (reviewed in 35). 

Finally, we examined the influence of rIL-12 administra- 
tion on allospeciffc 6 cell function. In an experimental system 
in which PVG.RTl" congenic rats were immunized with an 
isolated alloantigen, Gracie et al. (36) reported that treat- 
ment with murine rIL-12 (1.0 fjtg/day for 5 days) after allo- 
immunization augments levels of allospeciffc IgG2b and 
IgG2c, while decreasing IgGl. The authors demonstrated 
that co-administration of neutralizing anti-IFN-y mAb abro- 
gated this response,^ indicating that the enhancement of B 
cell function by IL-12 was dependent on IFN-y. When ad- 
justed for body weight, this dose of rIL-12 in the rat is 
comparable to our 0.1-/ig dose in the mouse. In the current 
study, treatment of WT cardiac allograft recipients with 0.1 
/xg of rIL-12/day for 6 days increased the level of sera IgG2a 
compared to untreated recipients on day 7 and 8 after trans- 
plantation (Table 3). However, administration of 1.0 /xg of 
rIL-12/day reduced allospeciffc B cell function, indicated by a 
decrease in sera IgM (Table 2) and absence of isotype switch 
to IgG2a. These observations suggest a biphasic response to 
IL-12 treatment in WT mouse cardiac allograft recipients 
likely dependent on the concentration of IFN-y. 

In summary, this study illustrates that the 01 subunit of 
mouse IL-12R is critical for IL-12-driven alloimmune re- 
sponses both in vitro and in vivo, and that IL-12R/32 alone 
does not transduce IL-12 signaling. These observations are 
supported by recent reports, which have shown that humans 
deficient in IL-12Rj31 exhibit severe impEurment in their 
resistance to infections as a result of intracellular pathogens 
(37, 38). The generation of mice deficient in IL-12R02 will 
provide an important animal model to evaluate whether /31 
subunit of IL-12R alone conveys IL-12 responsiveness in 
vivo. Specifically, these mice would be useful in determining 
the mechanism by which p40 subunit of IL-12 enhances 
CD8+ Thl development (15, 16). Finally, this study ques- 
tions the importance of Thl-driven alloimmune responses in 
cardiac allograft rejection, as exacerbated Thl responses in- 
duced by IL-12 failed to accelerate graft rejection in this 
model. 
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ABSTRACT 

The mixed lymphocyte culture (MLC) is an established clinical 
method for bone marrow transplantatiorv as it serves as an in vitro 
model for allogenic reaction and transplantation. We previously showed 
that cytokine release into the supernatant is a more specific and sensi- 
tive parameter for cross-reactivity in the MLC than the common mea- 
suremait of cell proliferation* Therefore we tried to find an inhibitor of 
the MLC in vitro with the least side effects in vivo, measuring inter- 
feron (IFN)-Y as one of the most important cytokines in posttransplant 
medicine. Earlier studies showed that zinc is an important trace ele- 
ment for immtme function with both stimulatory and inhibitory effects 
on immune cells. We found that slightly elevated zinc concentrations 
(three to four times the physiological level), which do not decrease 
T-cell proliferation in vitro nor produce immunosuppressive effects in 
vivo, suppress alloreactivity in the mixed lymphocyte culture. In this 
report we analyzed the mechanism whereby zinc influences the MLC 
to possibly find a nontoxic way of immunosuppression. 

Index Entries: Mixed lymphocyte culture (MLC); mixed lym- 
phocyte reaction (MLR); trace elements; zinc. 

INTRODaCTION 

The mixed lymphocyte culture (MLC) is a well-established and im- 
portant tool for determination of compatibility between host and donor 
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in transplantation medicine, as it serves as an in vitro model for allogenic 
reaction (1,2). It is common to measure T-ceil proliferation in the MLC but 
it was recently shown that cytokines are more specific and sensitive pa- 
rameters for the prediction of a possible graft rejection, as they play a criti- 
cal role in the posttransplant response (3-5). The THl-cytokine interferon-y 
(IFN-y) was identified as the most important factor within the cytokine 
cascade in the MLC (6). It is known to induce cytotoxic T-lymphocytes 
(CTL) (7) by enhancing the expression of both major histocompatibility 
complex (MHC) class I and MHC class II molecules (8), The IFN-y re- 
sponse mainly depends on HLA-DR differences and it tiierefore well rep- 
resents reactivity between two individuals in the MLC (9), 

In transplantation medicine, cyclosporin A, FK506, and other sub- 
stances are used to prevent graft rejection. In vitro experiments revealed 
an inhibition of the MLC (10), but, unfortunately, all of these immimo- 
suppressants show a wide range of toxicities in vivo, such as nephro- 
toxicity, neurotoxicity, and, probably, carcinogenicity (11-13). As we are 
beginning to understand the molecular mechanisms of cyclosporin A and 
FK506 function better and better, one of the major aims is to find similar 
substances with less toxicity. 

Zinc within the physiological range (12-16 |iM) is an important trace 
element for immune function (14). Zinc deficiency in vivo could be linked 
to various clinical symptoms such as impaired immune response with re- 
gard to decrease in number, differentiation, and function of T-lymphocytes 
and natural kiUer (NK) cells as well as decreased activation of mono- 
cytes and phagocytosis by macrophages, resulting in a high incidence of 
bacterial, viral and fungal infections. These symptoms, in 3ie most severe 
form shown in the hereditary disease acrodermatitis enteiopathica caused 
by malabsorption of zinc, are completely reversible after adequate substi- 
tution of zinc (15). On the other hand, high concentrations of zinc (about 
eight times the physiological level) led to cytotoxic effects with impair- 
ment of all T-cell functions, and inhibition of monokine induction by 
superantigens such as zinc is also important for the binding of some bac- 
terial superantigens to the p-chain of the MHC class n molecule (16,17). 
Optimal immune-cell function hence requires a well-balanced zinc level. 

In the following study, we investigated whether zinc is able to im- 
pair alloreactivity in the MLC at concentrations with neither cytotoxic 
effects in vitro nor toxic side effects in vivo. 

MATERIALS AND METHODS 

Preparation of Lymphocyte Cultures 

Peripheral blood mononuclear cells (PBMC) were isolated from buffy 
coats of healthy donors by density centrifugation over FicoU-Hypaque 
(Biochrom, Berlin, Germany), washed twice with phosphate-biitfered 
saline (PBS, Gibco, Berlin, Germany) and tesuspended in RPMI-1640 
medium (Biochrom) supplemented with 10% heat-inactivated fetal calf 
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? serum (PCS, low endotoxin, myoclone quality; Life Technologies, Eggen- 

stein, Germany), 2 mM L-glutamine, 100 U/mL penicillin, and 100 M-g/mL 
streptomycin (all obtained from Biochrom, Berlin, Germany). The cells 

4^ were adjusted to a final concentration of 2 x 10^ cells /mL Equal volumes 

of cell suspensions of two donors were seeded in samples to a final vol- 
ume of 1 mL into pyrogen-free 24-well culture plates (Falcon, Heidelberg, 
Germany). For controls, 1 mL of the adjusted cell suspension was cultured 
separately. The cultures were incubated for 5 d at 37'C In a 5% humidi- 
fied CO2 atmosphere after addition of the appropriate amount of zinc. 

Zinc Preparations 

Zinc sulfate (Sigma, Deiser^hofen, Germany) was dissolved in sterile 
water to achieve a zinc stock solution of 10 mM. This solution was fur- 
ther diluted in unsupplemented protein-free medium (PFM, Ultradoma, 
BioWhittaker) at a ratio of 1 to 2 and then sterile filtered. To achieve the 
final concentrations, PFM was used. The zinc solution was added to 
the cultures in a voliune of 10% of the final culture volume. 

Determination of Cytokines 

The culture supematants were harvested after 5 d and stored at -80*C. 
The quantification of the cytokine release into the supernatant was per- 
formed by enzyme-linked immimosorbent assay (ELKA) techiuque (for 
IFN-Y provided by Bender Med Systems, Vienna, Austria). Results were 
measured in picograms per milliliter at 450 nm using an ELISA plate 
reader (Anthos Labtec, Salzburg, Austria). 

Flow Cytometry 

Piopidium iodide (PI) staining was performed by using a stock solu- 
tion of 1 mg/mL (PI, Sigma). Cells (1 x lO^/mL) were incubated with 
10 fiL of PI stock solution for 20-30 min to allow intercalation of PI in 
double-stranded DNA. Finally, PI staining was measured at a wavelength 
of 620 nm in a flow cytometer (Coulter, Krefeld, Germany), 

Statistical Analysis 

The results are expressed as median values. The significance is taken 
by Student's Hest analysis. 

RESULTS 

Influence of Zinc on Mixed Lymphocyte Cultures 

We harvested the supematants of zinc-supplemented mixed lympho- 
cyte cultures (MLC) on d 5, proven to be the maximum of the IFN-y secre- 
tion (181 Analyzing IFN-y release in 20 MLC experiments supplemented 
with different concentrations of zinc, we found expected amounts of IFN- 
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Fig. 1. IFN-Y secretion in the NfLC after zinc supplementation. Zinc con- 
centrations up to 1 mM were added to mixed lymphocyte cultures; controls 
remained unsupplemented. Secretion of IFN-y in the culture supematants was 
determined by EUSA after 5 d of culture. Median values of « = 20 experiments 
are expressed in picograms per milliliter. Significance was calculated by the Stu- 
dent's Mest (♦p = 0.0017). 

Y (334 pg/mL) in the supernatant of control MLC without zinc addition, 
whereas increasing zinc concentrations led to a dose-dependimt reduction 
of the DFN-y level. At 60 \iM, the IFN-7 production was significantly dimin- 
ished (48 pg/mL, p = 0.0017); at 500 pM, no IFN-Y was detectable (Fig, 1). 

In order to prove our hypothesis that this result — (hat zinc concen- 
trations of 60 \iM inhibit the MLC — was the result of a specific effect in 
the MLC and not to a loss of T-cell vitality, we added zinc concentrations 
of up to 5 mM to PBMC and measvued cell viabiUty by flow cytometry 
after an incubation time of 48 h. Figure 2 shows that 93.2% of the cells 
are still vital after addition of 50 [xM zinc and 92.3% with medium sup- 
plementation of 100 |iM zinc compared to controls without zinc addition 
with 91.3% viability. Zinc concentratior\s as high as 250 \xM causes a 
reduction of cell survival of 33% (Fig. 2). 

For further analysis of possible mechanisms responsible for this inhi- 
bition, we preincubated PBMC with 50 joM zinc for 20 min and then co- 
cultured these two popxxlatior^s in the MLC. The results reveal a marked 
influence of the point of time at which zinc is added to the culture: Prein- 
cubation of PBMC led to a greater reduction of IFN-Y simultaneous 
zinc supplementation to the MLC (Fig. 3). 

DISCUSSION 

The human mixed lymphocyte culture (MLC) is an important method 
to test donor-recipient compatibilty in bone marrow trar^splantation. It 
could be shown that cytokine release, especially IFN-y, has a very good pre- 
dictive value with regard to the transplantation outcome (3), as cytokines 
play a major role in the generation of an alloreactive immune response and 
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Fig. 2. Viability of PBMC after zinc supplementation. Zinc concentrations 
of up to 750 \iM were added to unstimulated PBMC; controls remained unsup- 
plemented. Cell viability was determined by flow cytometry after an incubation 
time of 48 h. One representative experiment is shown, values are expressed in 
percent of the total cell population. 
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Fig. 3. Effect of preincubation of PBMC with zinc. Zinc in a concentration 
of 50 \xM was added to the MLC simultaneously (MLC + Zn); PBMC was prein- 
cubated with 50 \iM zinc for 20 min and then cocultured in a MLC (PBMC + Zn); 
controls remained unsupplemented. Medians of n = 10 experiments are pre- 
sented. Significance was calculated by die Student's Ntest (*p = 0.01). 



for the induction of graft rejection in vivo (4,5). Taking this in vitro model, 
it has always been the aim to inhibit proliferation of immune cells in order 
to find a way to prevent graft rejection in transplantation medicine. Lan- 
dolfo et al. inhibited T-cell reactivity by the addition of anti-IFN-y both in 
vitro and in vivo (19); others showed a reduced graft rejection rate by 
repeated injections of monoclonal anti-IFN-y antibodies in a skin-, heart-, or 
pancreas-tissue transplantation situation (20-22). 
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In vivo substances like qrclosporin A or FK506 are broadly applied, 
as they are capable of prolonging graft stirvival. In vitro, they show an 
inhibitory effect on T-cell proliferation in the MLC (10)\ Yet, all of these 
therapeutical agents cause major side effects (e.g., nephrotoxicity/ neuro- 
toxicity, and others), which lead to a limitation of ttxeir use (11-13). 

Zinc is an essential trace element with great iz\fluence on iirmume 
function. The physiological plasma level of zinc ranges from 12 tol6 \xM. 
In our study, we applied zinc concentrations up to 100 |iM, which can be 
reached by pharmacological application of zinc in vivo without causing 
side effects (23). 

We found that zinc concentrations of 60 jiM, four times the physio- 
logical level, inhibit alloreactivity in the MLC. It is unlikely that the reduc- 
tion of IFN-7 is (he result of a loss of T-cell activity, as it could be shown 
earlier ttiat T-cells are still able to proliferate in medium supplemented 
wifl\ zinc concentrations as high as 100 ^M (24). Furthermore, we ana- 
lyzed the viability of the PBMC by flow cytometry, showing that a con- 
centration of 250 ixM is required to reduce cell viability by 30% (Fig. 2). 

Increased zinc levels of over 100 \xM cause unstimtdated human 
PBMC to release cytokines (25). This stimulatory effect of zinc is only seen 
in the presence of accessory cells, especially monocytes, as mostly IL-1 
proved to be an essential cosigrud for T-cell activation by zinc. Higher con- 
centratior\s of zinc impair all T-cell and monocyte function by inhibition of 
the IL-1 receptor type I-assodated protein kinase (IRAK), ttxus blocking the 
intracellular signal transduction pathway at a very early stage (24), 

In our study, we applied zinc in concentrations that neittier show 
cytotoxic effects nor reach stimulatory level Therefore, there seems to be 
a specific effect of zinc on the responding T-cells in tihe MLC. 

The results of earlier studies proposed an oligoclonal pattern of T-cell 
stimulation in the MLC similar to T-cell activation by superantigei\s (3). 
Furttiermore, a highly altered vp repertoire of T-cells infiltrating long-term 
rejected kidney allografts were discribed (26). Superantigens bind directly 
and partially with high affinity to major histocompatibility complex (MHC)- 
dass II proteins, especially to HLA-DR. T-Cell activation is achieved by 
the formation of a complex of the Vp-chain of the T-cell receptor (TCR), 
the MHC molectde, and the superantigen. This binding is regulated by 
zinc, as zinc itself does not interact with tt\e MHC molecule direcdy (27), 
We previously showed that the HLA-DR and HLA-DQ-molecules have 
the greatest influence on cytokine release in the MLC and thus on the out- 
come of a tramsplantation in vivo (9). 

There are two main possible explanations for the phenomenon de- 
scribed. First, zinc in the applied concentration could saturate the MHC 
and, therefore, prevent a binding between TCR and MHC. In order to 
prove this hypothesis, we preincubated PBMC with zinc and then cocul- 
tured these populatioi\s. If an extracellular mechanism were actually 
responsible for ttie inhibition of the MLC, we would expect no significant 
difference in IFN-y secretion in either setting. Preincubation of PBMC 
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resulted in a markedly lower ffN-y secretion than the culhire of two PBMC 
populatioits witi\ simxiltaneous zinc supplementation to the MLC (Fig. 3), 
so that it seems more likely that zinc interferes with ti\e intracellular sig- 
nal transduction in the MLC. Therefore/ zinc may regulate ti\e alloreactiv- 
ity of T-ceUs and might be an explar\ation for inaeased preterm delivery 
and abortion in zinc-deficient pregrumt women (28,29). As mentioned ear- 
liery higher concentrations of zinc are able to block the intracellular signal 
transduction pathway by inhibition of IRAK. We propose tiiat the stimu- 
lation of T<ells by an HLA-different cell populaticm can be blocked by zinc 
via specific inhibition of phosphorylation processes, leading to a dimin- 
ished signal transduction in the cell. This lesults, among other ttiings, in 
reduced secretion of cytokines^ which should lead to less graft rejection in 
vivo. Various protein kinases such as cAMP- and cGMP-dependent protein 
kinases as well as protein tyrosine kinases are involved in zinc^induced 
cell stimulation and zinc also influences gene expression of different im- 
mimologically relevant transcription factors such as nuclear factor (NF)-kB 
and metallothionein transaiption factor (MTF-1) as well as others. Which 
alteration of signal transduction zinc exactly inhibits the MLC remains the 
subject of furtiier investigation. Because the MLC is inhibited by very low 
zinc concentratior\s, this inhibitory effect seems to be a specific pathway. 

In conclusion, zinc could become an immunosuppressant in trans- 
plantation medicine without toxic side effects, which still leaves the 
immune system with the ability for phagocytosis. The infection rate will 
therefore be reduced compared to current immunosuppression. How- 
ever, this has yet to be proven in in vivo transplantation models. 
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different PTKs. Phosphorylation is a common mech- 
anism of regulating protein function; indeed, many of 
the PTKs must themselves be phosphoryiated before 
they can become active. Several important types of 
lymphocyte surface receptors (including membrane 
immunoglobulin and T cell receptor proteins) are 
physically linked to specific cytoplasmic PTK pro- 
teins, which become active when the receptor binds 
its target ligand. These receptor- associated PTKs, in 
turn, may then activate other types of PTKs through 
phosphorylation, so that almost immediately a host of 
different PTKs are recruited into the response. By 
phosphorylating still other types of substrates, such 
as proteins that control cytoskeletal organization, ex- 
pression of specific genes, and entry into the cell 
cycle, these newly activated PTKs appear to be either 
directly or indirectly responsible for triggering all 
subsequent events in lymphocyte activation. At pres- 
ent, however, the functions of most individual PTKs 
are uncertain. 

One almost immediate effect of the PTK cascade is 
to activate the enzymatic breakdown of a specific 
class of phospholipids (called phosphatidylinosi- 
tides) within the cell. The products of this hydrolysis 
include 2 small organic molecules, diacylglycerol 
(DAG) and inositol 1,4,5-trisphosphate (IP3), 
which are released into the cytoplasm and serve as 
second messengers to trigger additional changes in 
cellular physiology. Among the most notable 
changes is a rapid, marked increase in the concentra- 
tion of intracellular free calcium ions, which flood 
into the cytosol from organellar storage pools and 
from the extracellular medium, reaching maximal 
concentrations within 1 minute after contact with the 
activating stimulus. Like PTK activation, these rapid 
calcium fluxes are thought to be critical for initiating 
the subsequent events in activation. 

Within the first hour after stimulation, the rates of 
oxidative metabolism and of overall protein and 
RNA synthesis in the lymphocyte rise. The chromatin 
begins to decondense as previously silent genes are 
transcribed and the cell prepares to undergo mitosis, 
/^fter hours, specific proteins that are thought to 
regulate cell proliferation, such as the product of the 
proto-oncogene c-myc, become detectable in the nu- 
cleus. In parallel with these biochemical events, the 
morphology of the cell changes in a process known as 
blast transformation: its overall diameter increases 
to 15-30 ^im as both its nucleus and cytoplasmic en- 
large; the nuclear chromatin becomes loose and pale- 
staining; and the cell acquires a prominent nucleolus 
(reflecting a high rate of RNA synthesis). Within 8- 
12 hours, the changes are sufficiently marked that the 
cell can be recognized under the light microscope as 
a lymphoblast— a lymphocyte poised to begin mito- 
sis. DNA synthesis takes place at around 18-24 hours 
after stimulation. The first cell division occurs 2-4 
hours later and, depending on the conditions, can be 
repeated 5 or more times in succession, at intervals as 



brief as 6 hours. The effector cells produced as a re- 
sult of each division mature completely within a few 
days and express the immune functions typical of 
their lineage for several days thereafter. 



REQUIREMENTS FOR ACTIVATION 
OF B OR T LYMPHOCYTES 

What are the stimuli that can lead to lymphocyte 
activation in vivo? Certainly, the most important are 
the innumerable foreign antigens that are recognized 
and bound by membrane immunoglobulins or T cell 
receptor proteins, A few types of antigens are in 
themselves sufficient to activate B cells — these are 
usually highly polymeric proteins or polysaccharides 
that are able to interact simultaneously with many 
immunoglobulin proteins on the surface of a single 
cell. Such multivalent antigens act to cross-link the 
immunoglobulins to one another, so that eventually a 
great many immunoglobulins are gathered at one 
pole of the cell surface at the point of contact with 
antigen— a phenomenon known as capping (Fig 
2-9 A). This dense local aggregation of immunoglob- 
ulins, each of which is bound to antigen, transmits a 
very effective signal and is enough to trigger B cell 
activation. 

Activation can also be induced under artificial con- 
ditions by cross-linking other types of surface mole- 
cules (Table 2-4). Among the agents used for this 
purpose are certain lectins (sometimes called mito- 
gens), which can activate T and/or B cells by cross- 
linking surface glycoproteins. Similar results can be 
obtained by using multivalent antibody complexes to 
cross-link some T cell surface proteins (such as CD3) 
that are able to transmit signals to the cytoplasm. Al- 
ternatively, lymphocytes can be activated pharmaco- 
logically by being treated with agents that directly in- 
Table 2-4. Mitogens and other conditions used to activate 



lymphocytes in vitro. 



Mitogen or Condition 


Specificity 


Lectins 




Concanavalin A 


T celts 


Helix pomatia lectin 


T cells 


Phytohemagglutinin 


T cells; few B cells 


Pokeweed mitogen 


T and B cells 


Wheat germ agglutinin 


T cells 


Artificial cross-linking of specific 
surface proteins 




Immunogtobulins 


B cells 


T cell surface markers (eg, CD3) 


T cells. ^ 


Pharmacologic agents 




Phortjol myristyl acetate plus calcium 
ionophore (eg. ionomycin) 


T and B cells 
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Fiaure 2-9 General requirements for lymphocyte activation. A: Some highly polymenc antigens that cross-link multiple 
Sen receptors are sufficient to activate B cells. B; Activation by a monomeric ant.gen requires add.t.onal st.mu . 
Sed by a^^^^^^ type. Costimulators from the antigen-presenting cell (APC) are necessary to activate a Th cell, 
which in turn provides helper factors for B cells and/or interleukin-2 (iL-2) for To cells. 



duce calcium fluxes and other important signaling 
events, thereby bypassing the surface receptors en- 
tirely. Such potent artificial activators are often used 
in clinical testing to study lymphocyte responses in 
vitro. 

The majority of antigens encountered in nature, 
however, are not polymeric and so do not cross-link 
receptors. Even when many copies of such an antigen 
bind individual immunoglobulins on a B cell, they 
generate only an incomplete signal, which fails to ac- 
tivate the cell. B cells can be activated by these more 
common antigens only if they are simultaneously 
stimulated by a nearby activated helper T lympho- 
cyte. This stimulation may be delivered by 
lymphokines secreted from the T cell, but is transmit- 
ted most efficiently through direct contact of the B 
cell with T cell surface proteins. In either case, the 
helper-cell-derived proteins (which will be referred 
to in this book as helper factors) interact with non- 
immunoglobulin receptors on the B cell to generate a 
second signal. The combined effects of the helper 
factors and the bound antigen then act synergistically 
to cause B cell activation. 

In a similar manner, T lymphocyte responses to 
most antigens also require 2 types of stimuli simulta- 
neously. The first is provided by the antigen, which, 
if appropriately displayed by MHC proteins on an an- 
tigen-presenting cell, can be recognized and bound 
by T cell receptors. When it binds an antigen-MHC 
complex, the T cell receptor sends a signal to the cell 
interior, but this signal alone is usually not enough to 



cause activation. For helper T cells, full activation 
also requires contact with other specific ligands. 
known as costimulators, that are expressed on the 
surface of the antigen-presenting cell. Activation of a 
cytotoxic T cell, on the other hand, generally requires 
IL-2, a cytokine secreted by activated helper T cells. 
In summary, it is important to recognize that acti- 
vation of a lymphocyte is controlled not only by anti- 
gen binding but also by interactions with other cells 
(Fig 2-9B): all T cells must cooperate with antigen- 
presenting cells, whereas B cells and cytotoxic T 
cells depend on helper T lymphocytes. These interac- 
tions either require direct surface-to-surface contact 
or are mediated by highly labile cytokines that act 
only over extremely short distances. Owing to this in- 
.terdependence among cell types, lymphocyte activa- 
tion occurs most commonly and efficiently in the sec- 
ondary lymphoid organs, where lymphocytes, 
antigens, and antigen-presenting cells encounter one 
another at close quarters. 



LYMPHOID ORGANS 

Lymphocytes are normally present in the blood at 
a concentration of approximately 2500 cells/mm^ and 
so account for roughly one-third of all peripheral 
white blood cells. Each individual lymphocyte, how- 
ever, spends most of its life within solid tissues, en- 
tering the circulation only periodically to migrate 
from one resting place to another. Indeed, at any 
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Figure 13-8, Time-response curve for antigen stimula- 
tion of 10® lymphocytes. Responses of peripheral blood 
lymphocytes from 15 normal adults with delayed hyper- 
sensitivity to the antigen. Cells were cultured as de- 
scribed in the legend to Fig 13-7. Antigen concentration 
for all cultures was 15 jig/mL. Maximal response occurred 
on days 5-7 of culture. Results are plotted as the mean ± 
1 SD. for 15 individual determinations. 



until the culture has been allowed to continue for 5-7 
days. Fig 13-8 clearly illustrates both the usefulness 
of and the necessity for performing careful time- and 
dose-response kinetics in assessing human lympho- 
cyte fqnction. 



MIXED LYMPHOCYTE CULTURE 
& CELL-MEDIATED LYMPHOLYSIS 

Mixed lymphocyte culture (MLC) is a special case 
of antigen stimulation in which T lymphocytes re- 
spond to foreign histocompatibility antigen on unre- 
lated lymphocytes or monocytes. This test is per- 
formed as either a "one-way" or "2-way" assay (Fig 
13-9). In the one-way MLC, the stimulating cells are 
treated with either irradiation (~ 2000 R) or mitomy- 
cin to prevent DNA synthesis without killing the cell. 
The magnitude of the response is then entirely the re- 
sult of DNA synthesis in the noninradiated or non-mi- 
tomycin-treated cells. In the 2- way MLC, cells from 
both individuals are mutually stimulating and re- 
sponding, DNA synthesis represents the net response 
of both sets of ceils, and the individual contributions 
cannot be discerned. The culture conditions, time of 
exposure, ^H-Tdr pulse labeling, and harvesting pro- 
cedures are usually identical to those for antigen stimu- 
lation. Controls include cocuiture of syngeneic irradi- 
ated and nonirradiated pairs and cocuiture of 
allogeneic irradiated pairs. The first control provides 
baseline DNA synthesis, and the second ensures ade- 
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Figure 13-9. MLC and CML assays schematically repre- 
sented. Celis {black and white balls) from separate indi- 
viduals are cultured. In MLC. DNA synthesis in 
responding (noninactivated) cell is measured. In CML 
assay, the ability of "A" cells to kill ^^Cr-labeled "B" cells is 
measured. See the text for further explanation. (^HJ-TdR, 
tritiated thymidine. (Reproduced, with permission, from 
Bach FH. Van Rood JJ: The major histocompatibility com- 
plex: Genetics and biology. N Engi J Med 1976:295:806. 
872). 



quate inactivation by irradiation (or mitomycin) of 
the stimulator cells. 

In the use of MLC as a test for T cell function, dif- 
ficulties in quantitation often arise owing to variations 
in stimulator cell antigens that determine the degree 
of genetic disparity between stimulator and responder 
cells. To overcome this difficulty and produce a more 
standardized test, frozen aliquots of viable pooled 
human allogeneic cells have been employed as stim- 
ulator cells. 

The stimulating antigens on human cells are class I 
MHC molecules encoded by the HLA-D locus (see 
Chapter 5). Responding cells are primarily T lympho- 
cytes with obligate macrophage cooperation. B cells 
can also respond in MLC, since a marked increase in 
immunoglobulin synthesis can be detected. MLC 
may be used as a histocompatibility assay (see Chap- 
ter 16) and as a test for immunocompetence of T 
cells, particularly in immunodeficiency disorders 
(see Chapters 20 and 21). 

Cell-mediated lympholysis (CML) is an extension 
of the MLC technique in which cytotoxic effector 
cells generated during MLC are detected (Fig 13-9). 
This test involves an initial one-way MLC culture 
followed by exposure of stimulated cells to ^'Cr- 
labeled target cells specifically lysed by sensitized 
killer lymphocytes. These target cells are HLA-iden- 
tical to the stimulator cells in MLC. Cytotoxicity is 
measured as the percentage of ^'Cr released in spe- 
cific target cells compared with the percentage of 
5'Cr released from control (nonspecific) target cells. 
Several lines of evidence indicate that cells which 
proliferate in MLC and killer cells which participate 
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In CML assay are not identical. Killer cells are gener- 
ated that have specificity for class I MHC antigens on 
target cells, whereas in class II MHC antigen differ- 
ences determine the reaction. CML assays provide an 
additional measure of T cell function and can be used 
to estimate presensitization and histocompatibility in 
clinical transplantation (see also Chapter 16). 



CLINICAL APPLICATION 
OF T & B CELL ASSAYS 

Counting of T and B cells in peripheral blood and 
tissue specimens has limited application in both the 
diagnosis and investigation of pathophysiologic 
mechanisms of many disease states. Functional as- 
says are even more limited in value primarily to stud- 
ies of immune deficiency diseases. Current applica- 
tions include the following. 

(1) Diagnosis and classification of immunodefi- 
ciency diseases (see Chapters 18-22 and 52). 

(2) Determination of origin of malignant lympho- 
cytes in lymphocytic leukemia and lymphoma (see 
Chapter 45). 

(3) Evaluation of immunocompetence and mecha- 
nisms of tissue damage in autoimmune disease, eg, 
systemic lupus erythematosus and rheumatoid arthri- 
tis (see Chapter 31). 

"(4) Detection of changes in cellular immune com- 
petence in HIV and other infections that may be of 
prognostic value (see Chapter 52). 

(5) Monitoring of cellular changes following organ 
transplantation (see Chapter 57). 



NATURAL KILLER (NK) CELLS 

Natural killer (NK) cells can be enumerated by spe- 
cific monoclonal antibodies using methods identical 
to those for T and B cells (see Chapter 17). Several 
monoclonal antibodies are available that detect either 
Fc receptors (CD 16) or specific differentiation anti- 
gens (CD56, CD57) present on these cells. Some NK 
cells also express antigens from the CD2 T cell fam- 
ily. Functional testing is done by measuring the abil- 
ity of these nonimmune cells to kill special target cells 
such as erythroleukemia cell line K562. Cytotoxicity 
is usually performed by using the ^'Cr release assay, 
similarly to cell-mediated lympholysis (Fig 13-9). 



MONOCYTE-MACROPHAGE ASSAYS 



films ordinarily is quite simple. Monocytes are larger 
than granulocytes and most lymphocytes. They typi- 
cally have round or kidney-shaped nuclei with fine, 
lightly stained granules. However, in suspension or 
even in tissue or blood specimens, additional markers 
may be required to differentiate monocytes from lym- 
phocytes and primitive myeloid cells. 

A reliable stain for monocytes is so-called nonspe- 
cific esterase, or a-naphthol esterase, which is pres- 
ent in monocytes but absent in most myeloid and 
lymphocytic cells. Monoclonal antibodies directed at 
specific differentiation antigens such as CD 14 are 
available. 

Functional attributes of monocytes are discussed in 
detail in Chapter ! . In the clinical laboratory, phago- 
cytosis of particles or antibody-coated heat-killed mi- 
croorganisms is useful for functional identification of 
monocytes. 



NEUTROPHIL FUNCTION 



The morphologic identification of normal periph- 
eral blood monocytes in stained peripheral blood 



Polymorphonuclear neutrophils (PMN) are bone 
marrow-derived leukocytes with a finite life span, 
which play a central role in defense of the host 
against infection. For many types of infections, the 
neutrophil plays the primary role as an effector or 
killer cell. However, in the bloodstream and extravas- 
cDlar spaces, neutrophils exert their antimicrobial ef- 
fects through a complex interaction with antibody, 
complement, and chemotactic factors. Thus, in as- 
sessing neutrophil function, one cannot view the cell 
as an independent entity; its essential dependence on 
other immune processes, both cellular and humoral, 
must be taken into account. 

Defects in neutrophil function can be classified as 
quantitative or qualitative. In quantitative disorders, 
the total number of normally functioning neutrophils 
is reduced below a critical level, allowing infection to 
ensue. Drug-induced and idiopathic neutropenia (see 
Chapter 33), with absolute circulating granulocyte 
counts of less than lOOO/fiL, are examples of this sort 
of defect. In these situations, granulocytes are func- 
tionally normal but are present in insufficient num- 
bers to maintain an adequate defense against infec- 
tion. In qualitative neutrophilic disorders, the total 
number of circulating PMN is either normal or some- 
times actually elevated, but the cells fail to exert their 
normal microbicidal functions. Chronic granuloma- 
tous disease is an example of this type of disorder 
(see Chapter 22). In patients with chronic granuloma- 
tous disease the normal or increased numbers of cir- 
culating neutrophils are unable to kill certain types of 
intracellular organisms. 

Phagocytosis by PMN can be divided into 5 dis- 
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CELLULAR ASSAYS 

FOR HISTOCOMPATIBILITY 

In vivo, recognition of nonself antigens and de- 
struction of cells bearing such markers is accom- 
plished by cells of the immune system. Some of the 
clinically relevant class 11 HLA antigens that can trig- 
ger the immune response are not readily detected by 
the serologic methods discussed above. Instead, lym- 
phocytes are used as discriminatory reagents for the 
HLA-Dw and -DP ajitigens and as indicators of 
histoincompatibility between donor and recipient. 
The functions of cellular recognition are utilized in 
the MLC, HTC, and primed lymphocyte typing 
(PLT) tests, and the dual functions of recognition and 
effector cell killing are used in the CML test. 

MLC Test (See Chapter 13) 

This is also known as the mixed- lymphocyte reac- 
tion (MLR). When the lymphocytes of 2 HLA -dispa- 
rate individuals are combined in tissue culture, the 
cells enlarge, synthesize DNA. and proliferate, 
whereas HLA-identical cells remain quiescent. The 
proliferation is driven primarily by differences in the 
class 11 HLA antigens between the 2 test cells. 

On the basis of MLC testing, class II antigens were 
originally described as a series of lymphocyte-acti- 
vating determinants, products of the HLA-"D" locus 
(-Dwl, -Dw2, etc). No D locus products have ever 
been isolated, however, although several distinct "D 
region" loci (-DR, -DQ, and -DP) and their alleles 
have been identified. Dw "antigens" are now consid- 
ered to be immunogenic epitopes formed by combi- 
nations of D region determinants that can be recog- 
nized by T cells. Distinct Dw types may represent 
unique haplotype combinations of various D region 
prckiucts. 

Reactivity in MLC probably reflects the initial im- 
mune recognition step of graft rejection in vivo. The 
more immunogenic the D locus difference, the 
greater the cellular response in MLC and the more 
likely the rejection of the graft. Normally, both cells 
will proliferate, forming the 2- way MLC. To monitor 
the response of a single responder cell (the one-way 
MLC), the partner cell (stimulator) is inactivated by 
radiation or drugs (such as mitomycin C) that inhibit 
DNA synthesis (Fig 16-4). A maximum proliferative 
response usually occurs after incubation at 37 °C for 
5-6 days. The culture is then pulsed with pHJthymid- 
ine for 5-12 hours to label the newly synthesized 
DNA. Finally, the cells are harvested, washed free of 
unbound radioactivity, and counted in a beta counter. 

A properly composed MLC test includes a check- 
erboard of one-way combinations of each cell serving 
as both stimulator and responder with all other cells. 
Each cell must be controlled for its. ability to both 
stimulate and respond to HLA-mismatched cells. 
Normally, 2-4 unrelated control cells of known class 
II HLA type are tested individually with each family 
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Figure 16-4. The MLC and CML tests. In the one-way 
MLC, responder PBLs are mixed 1:1 with irradiated stim- 
ulator cells and incubated at 37 ''C in a hunnidified atmo- 
sphere with 5% CO2. After 5 days, the culture is pulsed 
with [^H]thymidine (pHJTdR) to label the nucleic acid in 
the responder cells. After 18 hours, cells are harvested 
and counted for internalized radioactivity. If the class II 
HLA antigens of the stimulator cells differ from those of 
the responder cells, the responder cells undergo blasto- 
genesis, synthesize DNA. and proliferate. Increased sam- 
ple radioactivity signals recognition of class II HLA 
differences. When responder and stimulator cells are 
class II identical, the proliferative responses are less than 
20% of the maximum response to the mismatched con- 
trols and less than 2% over autologous (background) 
controls. {Reproduced, with permission, from Bach FH. 
Van Rood JJ: The major histocompatibility complex; Ge- 
netics and biology. N Engl J Med 1976:295:806. 872.) 



member. The maximum response of eacli ceil is ob- 
tained by exposure to a pool of irradiated stimulator 
cells of diverse HLA types. 

Autologous controls combining self with irradi- 
ated self are also run to normalize the response of 
each cell to stimulators. Each test should be run in 
triplicate. It is absolutely necessary to perform the en- 
tire familial MLC at one lime owing to the inherent 
variability of individual cellular responses from day 
to day. 

Results are expressed as a stimulation index (SI) or 
relative response (RR). The SI is the ratio of counts 
per minute of the test over the autologous test for that 
cell: 



SI = CDm of ^^^PQ^^^r vs Stimulator (irradiated) 
Responder vs Responder (irradiated) 



A value of SI < 2 is interpreted as HLA identity at 
HLA-D. The RR calculates the response in the exper- 
imental MLC relative to the maximum response of 
that cell elicited by the pool. Counts per minute of 
both are corrected by subtraction of the autologous 
control for the responder cell . 
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Responder vs Stimulator (irradiated) - 
p Autologous control 

obm of Responder vs Pool (irradiated) - 

Autologous control 



X 100 



PMLC testing can be useful in selecting the most 
^mpatible (least stimulatory) organ donor if several 
(jnidentical family members (matciied for zero or 
he haplotype) are available. The donor who is the 
eist stimulatory to the patient is the preferred organ 
ionor. The results of an intrafamilial MLC can ad- 

iss such questions as ( I ) Are 2 serologically identi- 

DR antigens also functionally identical? (2) Is the 
^individual with only one identifiable DR antigen a 
:Shomozygote, or is the DR "blank" really a second DR 
antigen that was missed in the serologic testing? (3) 
V Are the serologically assigned class II antigens con- 
}i distent with the MLC results? If apparently HLA- 
identical individuals are reactive, there may have 
been a genetic recombination event. 

The MLC test is frequently used to confirm appar- 
ent HLA identity in the living- related transplant situ- 
ation and is especially useful if haplotyping could not 
be accomplished. When the HLA-identical recipient 
and donor are unrelated, as in voluntary bone marrow 
donation, MLC testing is extremely important in re- 
vealing hidden class 11 incompatibilities that could 
affect recipient tolerance to the graft and promote 
graft- versus- host disease. 

HTC Test 

MLC nonreactivity indicates HLA-Dw identity, 
and therefore the MLC test can be used to type for 
specific Dw alleles. Since most individuals to be 
tested are heterozygous at the D region, it follows 
that the stimulator cell must be homozygous for a 
given Dw antigen to result in MLC nonresponsive- 
ness. Such HTCs have been identified in the random 
population, but the best source for HTCs is among the 
progeny of first-cousin marriages. True HTCs are 
rare and precious reagents, and few laboratories can 
afford to maintain the large cell panel necessary for 
complete and accurate testing. 

The lymphocytes to be Dw typed are set up as re- 
sponders in multiple MLC tests, each test with a dif- 
ferent inactivated stimulator HTC. HTC testing can 
discriminate among the various subtypes of serologi- 
cally identified DR antigens and thus can provide a 
finer definition of true class II HLA compatibility. 

PLT Test 

Lymphocytes already exposed (primed) to a spe- 
cific antigen in a primary MLC will proliferate rap- 
" idly on reexposure to the same antigen. Thus, a 
primed cell can be used to test an unknown cell for 
the presence of the original stimulating antigen. With 
cells primed to class II HLA antigens, this assay can 
be used as an HLA typing test for D region antigens. 



As in HTC typing, an extensive panel of specifically 
primed cells must be maintained for PLT testing, 
PLT was used to type for DP antigens, but this 
method has been supplanted by molecular typing 
methods and is now only rarely used. 

CML Test 

In primary MLC, exposure to nonself class I and 
class MHC II antigens can result in the generation of 
cytotoxic T lymphocytes (CTL). CTL kill their tar- 
gets through direct contact, probably by the release of 
toxic mediators that lead to cell lysis. CD4 and CDS 
CTL can be found infiltrating kidney allografts dur- 
ing rejection and are considered to be important ef- 
fector cells in graft loss (see Chapter 57). To test for 
the capacity to generate CTL, a primary MLC is run 
with the patient as the responder and prospective 
donor cells as inactivated stimulators. After the 
MLC, the patient's cells are harvested and then 
reexposed in culture to fresh donor target cells that 
have been loaded with ^'Cr (Fig 16-4). Usually, the 
targets are preincubated with the mitogen phytohe- 
magglutinin (PHA) for 6 days, since PHA-activated 
blast cells can incorporate more ^'Cr than resting 
lymphocytes can. CTL and targets are plated in effec- 
tor: target -cell ratios of 100: 1 , 50: 1 . and 10: 1. ConU-ol 
wells include targets alone to measure the spontane- 
ous release of label and test wells containing target 
cells that are treated with detergent to release the 
maximum incorporated label. The test requires 4 
hours of incubation in a humidified CO2 atmosphere 
at 37 °C. At the conclusion, the supernatant of each 
test well is sampled and counted. In the experimental 
wells, the amount of ^'Cr released is corrected for the 
background level of spontaneously released label and 
compared with the maximum amount of label re- 
leased: 



% Specific 
Release 



cpm (Experimental) - 
cpm (Spontaneous) 
cpm (Maximum) - 
cpm (Spontaneous) 



xlOO 



Elevated counts of 30-50% above spontaneous back- 
ground are indicative of CTL activity. 

Direct CML testing can be used to monitor post- 
transplant rejection by testing for the presence of ac- 
tivated circulating anti-donor CTL. The patient's 
PBL are placed directly in culture with ^'Cr-labeled 
donor cells as targets. An elevated donor cell lysis 
compared with pretransplant levels is considered evi- 
dence of circulating CTL, which are particulariy 
prevalent during rejection. 

CML testing has applications in living-related 
renal and bone marrow transplantation. The preferred 
kidney donor will be the one who fails to stimulate 
the recipient to form CTL. In bone marrow u*ansplan- 
tation, the recipient is at risk for immune attack by the 



Table 20-1. Evaluation of cell-mediated immunity. 



Test 


Comment 


Total lymphocyte count 


Normal at any age: 
>1200AiL 


Delaved hvoersensitivity skin 
test 


Used to evaluate specific im- 
munity to antigens. Sug- 
gested antigens are 
Candida, mumps, purified 
protein derivative, and strep- 
tokinase-streptouomase 
(4 units/0.1 mU). 


Lymphocyte response to mi- 
togens (PHA), antigens, 
and allogeneic cells 
(mixed-lymphocyte culture) 


Used to evaluate T cell tunc- 
tion. Results are expresseo 
as stimulated counts divided 
by resting counts (stimulated 
index). 


Total T celts using monoclo- 
nal antibodies to CD3, 
CD2, or CU4 plus UUo 


Used to quantitate the num- 
ber of circulating T cells. Nor- 
mal- s.fin% nf tntal 

11 loll. /o \jt ivmi 

lymphocytes. 


Monoclonal antibody to T 
cells and T cell subsets 
(CD4 and CDS) 


Determines total number of 
T cells as well as T cell sub- 
sets, eg, helper/suppressor. 


Cytokine production (IL-1 , IL- 
2. lympholoxin, tumor ne- 
crosis factor, etc) 


Used to detect specific cytok- 
ine production from subsets 
of mononuclear cells as an 
index of function. 


Helper/suppressor T cell func- 
tion 


Provides information on T 
cell regulation of immunity. 




Figure 20-1. Infant with DiGeorge's syndrome. Promi- 
nent are low-set and malformed ears, hypertelorism, and 
fish-shaped mouth. Also note the surgical scar from car- 
diac surgery. 



Clinical Features 

A. Symptoms & Signs: The most frequent pre- 
senting sign in patients with DiGeorge's syndrome 
occurs in the first 24 hours of life with hypocalcemia 
that is resistant to standard therapy. Various types of 
congenital heart disease have been described, includ- 
ing interrupted aortic arch, septal defects, patent duc- 
tus arteriosus, and truncus arteriosus. Renal abnor- 
malities may also be present. Some patients have the 
characteristic facial appearance described above. Pa- 
tients who survive the immediate neonatal period 
may then develop recurrent or chronic infection with 
various viral, bacterial, fungal, or protozoal organ- 
isms. Pneumonia, chronic infection of the mucous 
membranes with Candida, diarrhea, and failure to 
thrive may be present. 

Spontaneous improvement of T cell immunity oc- 
casionally occurs. These patients are considered to 
have "partial" DiGeorge*s syndrome, but the reason 
for the spontaneous improvement in T cell immunity 
is not known. Patients have also been suspected of 
having DiGeorge's syndrome on the basis of 
hypocalcemia and congenital heart disease with or 
without the abnormal facies but have been found to 
have normal T cell immunity. Subsequently, these 
patients may develop severe T cell deficiency. 

B. Laboratory Findings; Evaluation of T cell 
immunity can be performed immediately after birth 



in a patient suspected of having DiGeorge's syn- 
drome. The lymphocyte count is usually low 
(<l200/fiL) but may be normal or elevated. In the ab- 
sence of stress during the newborn period, a lateral- 
view x-ray of the anterior mediastinum may reveal 
absence of the thymic shadow, indicating failure of 
normal development. Delayed hypersensitivity skin 
tests to recall antigens are of little value during early 
infancy, because sufficient lime has not elapsed for 
sensitization to occur. T cells are markedly dimin- 
ished in number, and the peripheral blood lympho- 
cytes fail to respond to phytohemagglutinin (PHA) 
and allogeneic cells. 

Studies of antibody-mediated immunity in early 
infancy are not helpful, because immunoglobuHns 
consist primarily of passively transferred maternal 
IgG. Although it is believed that some of these pa- 
tients have a normal ability to produce specific anti- 
body, the majority have some impairment of antibody 
formation. Sequential studies of both T cell and B 
cell immunity are necessary, since spontaneous re- 
missions and spontaneous deterioration of immunity 
with time have been described. 

A diagnosis of hypoparathyroidism is established 
by the demonstration of low serum calcium levels, el- 
evated serum phosphorus levels, and an absence of 
parathyroid hormone. Congenitaf heart disease may 
be diagnosed immediately following birth and may 
be mild or severe. Other congenital abnormalities in- 
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Evaluation of the Cellular Immune Response in 

Transplantation 

NANCY L. REINSMOEN AND ADRIANA ZEEVI 




SoUd'Orgai\ transplantation has become an increasingly 
important therapeutic modality for patients with various 
end-stage diseases. Despite improved immunosuppression 
protocols, most transplant recipients face a variety of com- 
plications. Early after transplant, infection and rejection 
are the major causes of morbidity and mortality. Drug tox- 
icity, chronic rejection, and malignancies are long-term 
complications. 

Many attempts have been made to develop in vitro pro- 
cedures that can assess the immunologic status of the al- 
lograft reliably and accurately. Immunological monitoring 
could, in theory, differentiate rejection from other forms of 
dysfunction, such as infection or primary nonfunction. Fur- 
thermore, the ideal tool would be able to gauge accurately 
a patient's response to antirejection therapy and might help 
prevent overimmunosuppression. Immune monitoring 
could also be important in predicting long-term graft out- 
come and thereby identify which recipients could have 
their immunosuppression markedly reduced without in- 
creasing the risk of acute or chronic rejection. 

Although there is no one ideal immunological test that 
can accomplish all of the above, there are a number of 
tests that can be used together to assess the immunological 
status of the transplant recipient. The most informative 
approach appears to be performing a sequential analysis 
using assays that measure different immune functions. 



MLC 
Concept 

Mixed leukocyte culture (MLC) is perhaps the most widely 
used cellular assay. It represents a functional assay of 
cellular response to stimulatory determinants associated 
predominantly with HLA class 11 molecules, including 
HLA-DR, -DQ, and, to a lesser extent, HLA-DP. The first 
descriptions of this assay as a measurement of cellular im- 
munity (3, 4), together with the development of a one- 
way method of stimulation, allowed the correlation of 
proliferative responses between siblings. The conclusion 
was that a single genetic locus or region, now known as 
HLA, controlled the MLC reactivity. The recognition of 



disparate HLA class 11 molecules and the resulting T<ell 
activation (as measured in MLC) are thought to represent 
an in vitro model of the v»fferent arm of the in vivo allograft 
reaction. 

MLC is an in vitro test t.>f lymphcKytes responding to 
stimulation by disparate HLA class 11 molecules, which are 
predominantly expressed on B cells and monocytes of the 
stimulator cell population. Proliferative reactivity to HLA 
class 1 molecules has been reported but plays a minimal 
role in the overall bulk MLC response. In MLC, stimulator 
cells have been inactivated, usually by X- irradiation, and 
can no longer divide. The resulting proliferation of re- 
sponding cells involves the logarithmic expansion of mul- 
tiple clones of alloactivated T cells. This expansion can be 
raeasured by inctuporation of the radioisotope-tritiated thy- 
midine (rHlthymidme) into replicating DNA during the 
logarithmic phase of cellular expansion, usually on the fifth 
Jay of culture. The amount i)f thymidine incorporated into 
cellular DNA is then assayed by liquid scintillation spec- 
trophotometry. Exogenous [*Hjthymidine added to in vitro 
cultures is incorporated Juring DNA replication via the 
salvage pathway, in which free purine bases are formed by 
hydrolytic degradation of nucleic acid and nucleotides. Ex- 
ogenous THlthyniiJine is added to cultures for a period of 
rime that i^ longer than the S phase of the cell cycle but 
shorter than the cell cycle ir^etf. usually 18 h. 

The degree of reactivity .>hscrved correlates with the 
degree of antigenic disparitv between responding and stim- 
ulating ceils. MLC has been u^ed clinically for donor se- 
lection, predomiiiantly for bone niarrov^ transplantation- 
With the more recent application of DNA-based HLA typ- 
ing metlv>ds. MLC is used less often for donor selectiori 
hut more often for following the recipient's posttranspiant 
dont)r antigen-specihc immune status. '^^'^^ p ' 

tween posttranspiant and pretransplant antidonor ML<^ 
sponses can be used to define any changes ^^^"^^^^^^ 
decreases). Studies have siiown that solid-organ recipien 
who develop a decreased response (i.e., are ^^YP^'^^P"^^^^^ 
are at low risk for immunologic comphcations, ^V^^^^^^^,^ 
acute rejection episodes and chr(»nic rejection. "YP 
tiviry is defined as at least a 60^^;, decrease in ^^^"^^ j^j^ ^j^^ 
the posttranspiant antidonor response compared w 
pretransplant antidonor response, assuming the resp 
third'party ceils remains unchanged (26, It)- 
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j^ocedure 

Sample Requirements 

Collection of specimens. Care must be taken through- 
out the procedure to ensure a sterile specimen, Usu' 
allyi 20 to 30 ml of sterile heparinized blood is 
obtained from the blood donor. The specimen may 
be saved overnight but should be processed within 
24 h of the phlebotomy. It should be maintained at 
room temperature even if it is being shipped by over- 
night carrier. Poor cell yields may result from tem- 
perature conditions that are too cold or too warm. 

Materials and Reagents 

Lymphocyte separation medium (LSM) (Pharmacia 
Biotechnologies, catalog no. 17084003) 

Culture medium: RPMI 1640 with HEPES buffer sup- 
plemented with 100 U of penicillin per ml, 100 U 
of streptomycin (Grand Island Biological, catalog no. 
380-2400AJ) per ml. 10 U of preservative-free hep- 
arin (Monoparin heparin; Accurate Chemical &. Sci- 
entific Corp., catalog no. A6500) per ml, 2 mM 
L-glutamine, and 10 to 20% pooled human sera 
(PHS) 

PHS: serum from 10 to 20 healthy nontransfused male 
donors, heat inactivated at 56°C for 30 mm (see 
"Pitfalls and Troubleshooting" below for additional 
specifications) 

pHlThymidine: specific activity of 6.7 Ci/mM; 0.5 to 
1.0 mCi per well is commonly used (New England 
Nuclear, catalog no. NEN-027) 

Hanks* balanced salt solution (Grand Island Biological, 
catalog no. 310-4170P]) 

Equipment and Instrumentation 

Radiation source (usually gamma-emitting radiation 
source); alternatively, mitomycin (Sigma, catalog no. 
M0503) 

Laminar flow hoods (Baker 60; The Baker Co., Sanford, 
Maine) 

Liquid scintillation counter ( 1 205 Betaplate; Pharmacia 
LKB) 

Rate freezer (model 70014; CryoMed) 
Liquid nitrogen refrigeration unit (model CAIIIL; 
CryoMed) 

Mechanics and Controls 

Mononuclear cells are isolated by centrifugation of periph- 
eral blood diluted 1:2 with Hanks' balanced salt solution 
over LSM. Peripheral blood mononuclear cells (PBMC) are 
removed from the LSM interface, diluted with Hanks* bal- 
anced salt solution, and then centrifiiged at 500 X g for 
10 min. The supernatant is decanted, and the wash steps 
are repeated two more times. The cells are resuspended in 
an exact quantity of complete culture mediumi A leukocyte 
count is done, and viability is determined via dye exclu- 
sion. The cell suspension is diluted to a final concentration 
of 5 X 10^ PBMC per ml, using the culture medium. Stim- 
ulator cells are inactivated either by irradiation at 1,500 to 
3,000 rads or by incubation with mitomycin according to 
die manufacturer's instructions. With a repeating microliter 



pipette, stimulator and responder cells are added in tripli- 
cate to round-bottom microtiter plates (ICN. catalog no. 
760-042-05), such that each well receives 100 ^tl of stim- 
ulator cells (5 X 10^ PBMC) and 100 /itl of responding 
cells (5 X 10^ PBMC). 

A complete culture setup includes the following: 

• Allogeneic cultures containing all possible combina- 
tions of responder and stimulator cells, including cells 
from three control cell donors of a known HLA phe- 
notype 

• Autologous cultures containing the responder and stim- 
ulator celb from the same cell donor 

• Control wells containing either responder or stimulator 
cells alone, with an equal volume of complete culture 
medium 

• Double irradiation control cultures containing stimula- 
tor cells from two different cell donors 

The cultures are incubated at 37°C in a humidified at- 
mosphere of 5% CO2 in air for 5 days, after which 0.5 to 
l.OTiCi of pH]thymidine is added to each well. The cul- 
tures are incubated for an additional 18 h. Tlie culture 
plates can then be harvested immediately or sealed with 
pressure-sensitive film and placed in the refrigerator until 
harvesting. A number of different harvesting machines and 
counting systems are available: the cells can be harvested 
onto filter disc sheets, or the samples can be counted in 
vials or cassettes or directly, without the need for scintil- 
lation fluid. The manufacturer's instruction manual should 
describe the appropriate procedures. 

Pitfalls and Troubleshooting 

• Drugs. If a patient is taking one of the following 
drugs, the proliferative response may be compromised: 
prednisone, Myleran, hydroxyurea, Cytoxan, or L- 
asparaginase. 

• Serum. One of the most common sources of technical 
problems in any cellular procedure is a poor serum 
source. Each individual lot of a serum source or, pref- 
erably, each individual serum unit within the lot should 
be screened for growth support capabilities and possible 
HLA antibodies. The screen should include a control 
response to a pool of allogeneic cells to measure maxi- 
mum response and an autologous control to ensure low 
backgrounds. If sporadic high backgrounds are observed, 
an endotoxin test may be advisable. 

• l^H]Thymidine. If low counts per minute are observed, 
the scintillation counter and the shelf life of the 
pH]thymidine should be checked. The half-life of the 
^H is 12.3 years, but the shelf life of the thymidine is 
considerably shorter. 

• Frozen cells. Cells to be used as responder cells in the 
cell cultures can be bulk frozen by a step-down proce- 
dure at 4, —30, and — 70**C before use. However, via- 
bility and cell recovery are better if the cells are rate 
frozen and stored in the vapor phase of a liquid nitrogen 
storage unit. 

The American Society for Histocompatibilivy and Immu- 
nogenetics Procedure Manual (28) is an excellent source of 
additional information and details on cellular methods. 

Interpretation 

Results are usually expressed as raw counts per minute of 
P Hi thymidine incorporation. The data may be reduced to 
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allow for easier interpretation and comparability from one 
test to another. The two most common forms of data re- 
duction are the stimulation index and the RR. The stim- 
ulation index is a simple ratio of the counts per minute 
from an experimental MLC combination to the counts per 
minute of the autologous control. The RR is the ratio of 
the net counts per minute (after subtraction of the autol- 
ogous control counts per minute of an allogeneic MLC 
combination) to that of a maximally stimulated or control 
MLC combination (usually the response to a pool of allo- 
geneic cells), multiplied by 100 to obtain a percentage 
(28). 



VARIATIONS 
MTT Method 

A nonradioactive alternative to detecting proliferation is a 
colorimetric (3'4,5-dimethylthia7ol'2-yl)-2.5 diphenyl tet- 
razolium bromide salt (MTT) reduction assay. This assay 
detects the (unction of a mitochondrial enzyme that reflects 
the number of metaboUcally active cells present in the cul- 
ture. The MTT, a yellow aqueous solution, is taken up by 
the viable cells and reduced in the mitochondria to a pur- 
ple crystal. After solubilization of these crystals, the reac- 
tion is measured with a spectrophotometer. An increase in 
the measured optical density parallels an increase in mito- 
chondrial eiuyme activity, which reflects an increase in the 
number of cells. This approach can detect increases in an 
interleukin'2 (lL-2) -sensitive line, CTLL20. Van Buskirk 
et al. (36) have demonstrated that colorimetric detection 
of IL-2 production correlates well with the radioactive de- 
tection of T-cell proliferation and can be used interchange- 
ably with the standard MLC. 

Multiparameter Flow Cytometry 

A second nonradioactive method to detect T-cell activa- 
tion is a flow cytometry assay. It detects an early activation 
antigeri, CD69, which reaches peak expression within 8 h 
of stimulation (17). The assay uses a three-color technique 
to detect CD3 CD69 CD4^ or CD3 CD69 CD8^ cells. 
Advantages are short activation time (4 h). absence of ra- 
dioactivity, avoidance of peripheral blood lymphocyte sep- 
aration, ability to identify activated T-cell subsets, quick 
turnaround (results can be obtained in hours), simplicity, 
and high sensitivity (17). This technique may be especially 
informative when analyzing mitogen or antigen stimuli; 
however, analyzing a response to allogeneic cell stimulus 
may be more difficult ( Fasti mmune Assay System; Becton 
Dickinson). 

T-CELL-PREtURSOR FREQUENCY 
DETERMINATION BY LDA 

The frequency of T-cell precursors is determined by limit- 
ing dilution assays (LDA). Limiting numbers of responder 
cells are cultured with a constant number of stimulator cells 
and assayed for reactivity (cytotoxic, proliferative, or cy- 
tokine release) against additional stimulator cells. In con- 
trast to MLC, which measures a bulk response, LDA is a 
quantitative tool It allows the investigator to estimate the 
frequency of lymphocytes with a given function and anti- 
gen specificity. LDA imply that the lysis is a single-hit pro- 
cess; that is, a single precursor cell will initiate the 
sequence of events that leads, in the case of cytotoxic pre- 
cursors, to the eventual lysis of the cell. A frequency can 
be determined if the lymphocyte population is random; 



that is, the function of the lymphocyte population is 
influenced by the presence of another lymphocyte poSu^ 
lation. The clear distinction between a response and Ihcl 
of that response is imperative. Making this distinction k 
more difficult m the cytotoxicity assay, in which an arb* 
trary threshold that separates the spontaneous release ^f 
^'Cr from the release from the lysed targets is set Th 
frequency of responding cells is determined by a maximum 
likelihotKl estimation, using a computer program (13) 

LDA of HTL 

Helper T lymphocytes (HTL) are detected by their ability 
to produce lL-2. The murine IL-2 -dependent line 
CTLL20, is used as the indicator line in this bioassay 
Adding CTLL20 cells directly to the micrometer wells is 
more sensitive than removing an aliquot of supernatant 
and adding it to the CTLL20 cells. Before adding the in- 
dicator line, the plates are irradiated to inhibit the re- 
sponder cells from proliferating and incorporating 
1 Hjthymidine. A low dose of radiation does not block the 
continued prtiduction of IL-2 by the responding cells. In 
the absence of lL-2, the CTLL20 cells die rapidly. There- 
fore, any proliferation detected is due to division of the IL- 
2-stimulated CTLL20 cells. 

Method 

LDA can be done on fresh or cryopreserved cells. The cells 
are prepared as described in the section on the MLC pro- 
tocol. Limiting numbers of PBMC (2 X 10\ 1.0 X 10^. 
0.5 X iO^ 0.25 X lO^ 0.125 x 10*, 0.0625 X 10^, and 
0.03125 X iO"*) are cultured in round-bottom microtiter 
plates with constant numbers (10 X 10^) of irradiated 
(3,000 rads) stimulator cells. When testing HLA- identical 
pairs, increased numbers of cells are often used, such that 
the highest concentrations are 4 X 10^. 6 X 10\ 8 X 10*, 
or 10 X 10** cells. Multiple wells per dilution are necessary 
to ensure an accurate assessment of the frequency. Usually, 
24 wells per dilution are set up. The culture medium is th^: 
same as that used in the MLC protocol. Control welb con- 
sist of 24 wells contain infi irradiated stimulator celb alone 
(for calculatitin oi background activity), responder cells in 
medium alone (negative controls), and responder and stim- 
ulator cells set up separately against HLA-mismatched 
third-party cells (positive controls). The plates are incu- 
bated for 64 h at ITC in a 5% CO, environment. The 
plates arc irradiated with 2,500 rads, CTLL20 cells (1 X 
lOM are added in 25 ml of medium. The plates are incu- 
bated tor H h with 1 mCi o( ['Hjfhymidine in 25 ml per 
well Cultures itre reincuhated for 16 h. Cultures are har- 
vested and counted as outlined in the MLC protocol, ihe 
wells are ct>nsidcred positive if pH]thymidine incorpora- 
tion is ^^reater them the mean plus 3 standard deviations ot 
the 24 control wells. The frequency of responding cells is 
determined hv a maximum likelihood estimation, using a 
computer pn)f^nun, and the variance is determined by tne 
use of 95% confidence intervals. Regression analysis is usea 
to generate a straight line. Chi-square analysis 'S "sea to 
show that the diua ohtJ^ined are in accordance with singie- 
hit kinetics. A program that does all the necessary calcu- 
lations for this <uvalysis is described in reference IX 

Pitfalls and Troubleshooting . 
The sensitivity of this assay depends on the conditwn 
the IL-2 indicator cells. The proliferation "^^^^ 
line depends on murine or human lL-2 5.^ y^^^^: 
without which the cells will die rapidly. ''"Jq : 
he maintained at a concentration of 1 ^ 
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Commissioner for Patents 
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Alexandria, VA 223 13 -1450 

Sir: 

t, Sherman Pong. Ph.D. declare and say as follows: - 

1. [was awarded a Ph. D. in Microbiology by the University of California at Davis. CA in 
1975. 

V 

2. After postdoctoral training and holding vai^ious research positions at Scripps Clinic and 
Research Foundation. La Jolla, CA. I joined Genentech. Inc.. South San Francisco. CA in 
1987. I am currendy a Senior Scientist at the Department of Iramunology/Discovety 
Research of Genentech, hic. 

3. My scientific Curriculum Vitae is attached to and forms part of this Declaration. 

4. I am familiar with the Mixed Lymphocyte Reaction (MLR) assay, which has been used 
by me and others under ray supervision, to tejst the immune stimulatory or immune 

inhibitory activity of novel polypeptides discovered in Genentech's Secreted Protein 
Discovery Initiative project 

5. The MLR assay is a well known and widely used proliferative assay of T^ll function, 
the basic protocols of which are described, for example, in Cuaent Protocols in 
rmmunology Vol. I, Richard Coico, Series Ed.. lohnWiley & Sons. Inc.. 199 1 . Unit 3. 12. 
(Exhibit A). This pubUcation is incorporated by reference in the description of the MLR 
protocol in the present application. 



6. The T-lyraphocytes or "T-cells" of our immune system can be induced to proliferate by a 
variety of agents. The MLR assay is designed to study a particularly important induction 
mechanism whereby responsive T-cells are cultured together (or "mixed"), with other 
lymphocytes that are "allogeneic", e.g. lymphocytes that are taken from different 
individuals of the same species. Ln ttie MLR protocol of the present application, a 
suspension of PBMCs that includes resppnder T-cells, is cultured with allogeneic PBMCs 
that predominantly contain dendritic cells. According to the protocol, the allogeneic 
"stimulator" PBMCs are irradiated at a dose of 3000 Rad, This irradiation is done in 
order to create a sample of cells that has mainly dendritic cells, ft is known that the 
dendritic cell population among the PBMCs are diffetentially affected by; irradiation. At 
low doses (500-1000 Rad), the prohferation of nwst cells, including the B cells in the 
PBMCs, is preserved, however, at doses above 2000 Rad. this function of B cells Is 
abolished. Dendritic cells on the other hand, maintain their antigen presentation function 
even at a 3000 Rad dose of radiation. (See, e g. Current Protocols in tmmunoloev . supra, 
at 3, 12.9). Accordingly, under the conditions of the MLR assay used to test the PRO 
polypeptides of the present invention, the stimulator PBMCs remaining after irradiation 
are essentially dendritic cells. 

7. Dendritic cells are the most potent antigen-presenting cells, which are able to "prime" 
naive T cells in vivo. They carry on their surface high levels of major histocompatibility 
complex (MHC) products, the primary antigens for stimulating T-cell proliferation. 
Dendritic cells provide the T-cells with potent and needed accessory or costimulatory 
substances, in addition to giving them theT^ll maturing antigenic signal to begin 
proliferation and carry out their funcUon. Once activated by dendritic cells, the T-cells 
arc capable of interacting with other antigen presenting B cells and macrophages to 
produce additional immune responses from these cells. For further details about the 
properties and role of dendritic cells in icnraune-based therapies see, e.g. Steinman, Dcug 
News PerspecL l3(lO):58l-586 (Exhibit B), 

. The MLR assay of the present application is designed to measure the ability of a test 
substance to "drive" the dendritic cells to induce the proliferation of T-cells that are 
activated, or co-stimulated in the MLR, and thus identifies immune stimulants that can 
boost the immune system to respond to a particular antigen that may not have been 
immunologically active previously. 

2 



9. Such ioMnuQe stimulants fitid icnpdrtant clinical applications. FoceKample. lL-12 is a 
known immune stimulant, which has been shown to stimulate T-cell proliferation in the 
MLR assay. DL- 12 was first identified in just such an MLR [Gubler et al. PNAS 88 . 
4143 (199 1) (Exhibit C)|. In a recent cancer vaccine trial, researchers from the 
University of Chicago and Genetics institute (Cambridge, MA)' have demonstrated the 
efficacy of the approach, relying on the immune stimulatory activity of DL- 12, for the 
treatment of melanoma. [Peterson et al. Journal of Clinical Qncoiop Y ?- 1 n 9\ 2342^8 
(2003) (Exhibit D) 1 They extracted circulating white blood cells carrying one or more 
tnarfcers of melanoma cells, isolated the antigen, and returned them to the patients. 
Normally patients would not have an immune response to his or her own human antigens. 
TTie patients were then treated with different doses of IL- 12, an immune stimulant 
capable o( inducing the proliferation of T cells tiiat have been Co-stimulated by dendritic 
celJ5. Due to the immune stimulatory effect of BL- 12. the treatment provided superior 
results in comparison to earlier work, where patients' own dendritic cells were prepared 
from peripheral blood mononuclear cells (PBMCs). treated with antigens, then cultured 
in vitro and returned to the patient to stimulate anti^cer response. (Thumer et al. L 
Exp. Med. 190(11). 1669-78 (1999) (Exhibit E)l. 

10. It is my considered scientific opinion tfiat a PRO polypeptide shown to stimulate T-cell 
proliferation in the MLR assay of the present invention witii an activity at least 180% of 
the control, as specified in the pcesent application, is expected to have the typ^ of activity 
as tiiat exhibited by IL-12. and would tiierefore find practical utility as an immune 
stimulant. Some PRO polypeptides do the reverse, and give inhibition of T^U 
proUferation in the MLR assay, ft is ray consideied scientific opinion that a PRO 
polypeptide shown to inhibit T-cell proliferation in Ae MLRassay where the activity is 
observed as 80% or less of the contiol, as specified in tiie ptesetit application, would be 

expected to find practical utility when an iiihibition of the immune response is desired, 
such as iri autoirtunune diseases. 
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Proliferative .^says for T Cell Fimctii>ii 



UNIT 3.12 



A number of agents can specifically or nonspecifically induce T cell activation, resulting 
in cytokine production, cytokine receptor expression, and ultimately proliferation of the 
activated T cells. Although proliferation is not a specific effector function of T lympho- 
cytes — in contrast to helper function for B lymphocytes ((//wrx/o) or cytotoxicity (uNrr 
XI!) — proliferatioQ assays are reliable, simple, and easy to perform and have been widely 
used to assess the overall immunoconipetence of an animal. In addition, the assays 
described in this unit form tte basis for identifying the appropriate cellular population 
that might be used to obtain Tcell clones (t/.VfTi./i) or TceU hybridomas {utms.HY 

The assays have been divided into two groups on the basis of whether they ate used to 
stimulate primed or unpriraed T lymphocytes. The first basic protocol describes the use 
of agents that are capable of activating unprimed T lymphocytes in culture either by 
pharmacologic means (calcium ionophore and phorbol ester stimulation), by direct 
cross-linking of the T cell receptor (TCR) on a large percentage of responder cells 
(anti-CD3, anti-TCR-yS, or anti-TCR-op monoclonal antibodies), by cross-linking the 
receptors on certain subpopulations of T cells with monoclonal antibodies specific for die 
V regions of P chains of the TCR (anti-Vji) or with enterotoxins specific for certain 
Vp-<;hain regions, by 'mdkectly cross-linking the TCR (lectins or monoclonal antibodies 
to non-TCR antigens). Tlie first alternate protocol describes the use of plate-bound 
antibodies specific for the TCR to stimulate proliferation. The second alternate protocol 
describes the activation of unprimed T cells to cell-associated antigens in the mixed 
leukocyte reaction (MLR), The first support protocol describes the preparation and use 
of T cell-depleted accessory or stimulator cells atkl the second support protocol describes 
methods for blocking accessory cell proliferation. Finally, the second basic protocol 
describes the induction of a T cell proliferative response to soluble protein antigens or to 
cell-associated antigens against which the animal has been primed in vivo. 

The assays in this unit employ murine T lymphocytes. InduK^tion of proliferative responses 
of murine B lymphocytes is described in mrrsjo. Related assays for use with human 
perip|ieral blood lynaphocytes are described in UNrr7.9. 

NOTE: All solutions and equipment coming into contact with cells must be sterile, and 
proper sterile technique should be used accordingly. 

ACTIVATION OF UNPRIMED T CELLS 

Unprimed T cells can be induced to proliferate by a variety of agents, including pharma^ 
cological agents, anti-CD3/TCR or antt-Thy-l monoclonal antibodies, enterotoxins and 
lectins. The commentary briefly (fcscribes the specificities of these agents, while Table 
3,12.1 lists sources and concentrations for use in this protocoL Aldiough this procedure 
is intended to measure proliferation of T cells specifically, \r many cases induction of T 
cell proliferation is dependent on the presence of non-T cells that function as accessory 
cells. The latter provide additional costimulatory signals for T cell proliferation as well 
as cross-link (via their Fc receptors) monoclonal antibodies bound to cell-surface anti- 
gens. The requirement for non-T accessory cells varies with the nature of the stimulatory 
ligand and can range from absolute dependence to accessory cell-independent T cell 
activation (see Table 3, 12,1), The activation is calculated after determining the difference 
in incorporation of ('H[]thymid'me between stimulated and control cells. 
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Table 3,12,1 Agents Used to Activate Unpnmed TCefis in Proliferative Assays 



Agent" 



Source/ 
cat no * 



CoaccQtration 



PMA 



SIGP8I39 



l-lOng/ml 



rpnomycin CAL 407950 200-500 og/ml 



A23187 



PHA 



Con A 



CAL 1 00 105 100-500 ng/ml 



WDELM6 



1-5 |tg/ml 



PH 17-0450-01 l-lOjig/ml 



Anti-Thy- 1 PG mAb-G7 



l'50ji€/nil 



Anti<3)3 



PG HM-CD3 0. 1-5 lig/mi 



AntiTCR-op PGHM-AB^ O.I-lOftg/ml 

TCR 



Anti-TCR-75 



Anti-VM- U 
8.2^ 

Anti- 

Anti-Vp-ll 



PGHM-GD- 

HM-GD-TCR-3 

PGMM-V^- 
TCR-1 

PG RM-Vp- 
TCR-2 

PGEIM-V^ 
TCR-3 



StaphtoJcA TTATlOl 



Sta{^ tox B 



Stai^toxE 



TTBT202; 
SIGS4881 

TTET404 



0.1-lOO|ig/mI 



0.1-100 fig/ml 



O.l-lOOjtg/ml 



O.MOOfig/oil 



1-lOjig/ml 



l-100|ig/ral 



l-10|ig^ml 



Accessory j 

cdls*^ action, etc. 



No 



No 



No 



Yes 



Yes 



Yes^ 



Yes*^ 



Yes*^ 



No 



No 



No 



No 



Ycs^ 



Yes^ 



Yes*^ 



Use with ioQomycin or 
A23 187; pharmacologic 

Use with PMA; 
pharmacologic 

Use with PMA; 
phannacologic 

Indirect 1X31 
cross4Lnking 

Indirect TCR 
cross-linking 

Indirect TCR 
cross-linking 

Use plate-bound or 
soluble; direct TCR 
cross-linking 

Use plate-bound or 
soluble; direct TCR 
cross4inldng 

Use plate-bound; direct 
TOR. cross-linking 

Use plate-bound; direct 
TCR cross^ihking 

Use plate-bo^nd; direct 
TCR cross-linking 

Use plate-bound; direct 
TCR cross-linking 

V^l.3.10.ll,17- 
icccfrtor specificity 

Vp^-3.7,8J7-rcceptor 
spcdfictty 

V^lM5.l7-rco^or 
specificity / 



-AMMcviations: mA, pfaodxii 12-myri5tate l3-aoetatc; PHA, phytobemaggJitiimn; Coa A, concanavalin A; Staph 
tox A, B, & E. Staphylococcus caCccocoxins A, & E 

*SaRrficr addresses and phone ntanbcrs are piovidcd ia AFeaaxi 5, Abbceviatioas: CAL. Calbtocbem: PG 
PhOTuagea; Pharmacia LKB; SIO, Sigma; TV. Town Tcdmologr. WD. Wdlcomc Diagnostics: 



arc 



^Whcn using aati<X»3 and axrti-TCX aaUl)odics io soluWc form (latfacr cban platc4wund). accessory ccOs «^ 
rcquiced. When using Staph cnteotoxlns, accessory ccOs must express appropriate MHC dass n mofccufcs 
Accessory ccO depeodcace is not absolute with anti-Thy- 1 aatdnxfies. 



Current Protocols in lomuootogy 



Materidls 

Complete RPMI-5 and RPMI- 10 media {afpem)IX 2) 

Responder cells; lymphocytes from nonlmmunized mouse thymus, spleen, or 
lymph nodes (cw/Ti,/) 

Activating agent(s) (Table 3. 12.1) 

Phosphate-buffered saline (PBS; apfendiki) 

Accessory cells: unfractioaated mouse spleen cell suspension, irradiated or 
treated with mitomycin C (second support protocol) orTceli-depleted 
(first support protocol) 

pH]thyniidine (A/'PflVDoci) 

15- and 4-ral disposable, polystyrene conical tubes with screw caps 
Low-speed centrifuge with Sorvall H-IOOOB rotor (or equivalent) 

5-, and lO-ml disposable polystyrene pipets 
96- well flat- or round-bottom microtiter plates with lids (Costar #3596 or #3799) 
25- to lOO-|xl single- and multichannel pipettors with disposable tips 

Additional reagents and equipment for removing oqgans (wv/r /:9), preparing 
single-cell suspensions ( w/ri /), and counting, labeling, aiid harvesting 

cells (APPQVD/Jfi) 

1. Prepare respon<fcr leukocyte ^pensions from thymus, spleen, or lymph node in 
complete RPMI-5 as described in unctsj. 

The size of the intended experiment dictates the number of organs to be collected See 
annotation to step 3 for an indication of cell number required, and UNrrjj for number 
of cells per organ. Spleen, thymus, and lymph node can be used as responder cells, 
while only spleen is a source of accessory cells. Purified T cells or subpopulatwns of 
T cells (Le., CD4* or CDS^) cells may also be ttsed. See UNtrs 3,1-3.6 for enrichment/ 
depletion methods. 

2. Centrifuge single-cell suspensions in 15-ml conical tubes for 10 min in Sorvall 
H- lOOOB rotor at -1000 rpm (200 X g), room temperature, and discard supernatant 

3. Resuspend cell pellet in complete RPMI-5, Count responder cells and adjust to -10^ 

cells/ml with complete RPMI- 10, . ' 

While this concentration cells/ml or2xl€^ cells/well) will give satisfactory 

responses with most cell populations, it is usefid to compare 2, 4, and 8x10^ cells per 
well in initial pilot experiments. Ifutifractionated spleen or lymph node cells are used 
as the responder populatiort, st^ficient accessory cells are present aiui there is no need 
to suppUtnerU the ctUtureswtdi additional celts. Hqweven if highly p^^ 
T ceil subpopulations are used as respotuUrs, it will be necessary to add non-T 
accessory cells deperuling on the nature of the activating agent (see Table 3. 12. 1). This 
is most easily accomplished by adding increasing numbers (0. /, 0.5, and LO x lO^) of 
syngeneic spleen (accessory) cells inOJ mlto2xI(fi T celts inOJmt (see first support 
protocol). Also, a meaningful comparison of the responsiveness of different celt 
populations requires titrations of both the activating agents as well as the responding 
cell populations, and a kinetic experitnettL 

4. Prepare woridng solutions of activating agents in 4-nilconicd tubes at room 

ature as follows. For MAb, toxin, or lectin, make a series of four dilutions from I 
rag/ml stock solutions—<,g,. 100, 30, 10. and 3 |ig/ral in PBS. For the pharmacolog- 
ical agent, make single dilutions of 100 ng/ml solution of PMA and 1 pigfwl A23 1 87 
(or 4 fig/rtil ionomycin) in PBS. 

if MAb in supernatant or ascites form are being used, at least four dilutions should 
also be used Working solutions should be used unmediately, since the various proteins. In Vitro Assays 
especially MAb, may bind to the plastic. for Mouse B and 

TCeQFuoctioQ 

3.123 



Curvent Piococols ia Inunu oology 



See Table 3J2J for Vp specificities of staphylococcal enteroCoxins, It is essential to 
verify that the mouse stram employed expresses the MHC class 11 surface molecules 
for which the enterotoxin has a specific binding affinity. See Marrack arul Kappler 
(19S9) for further discussion of various enteroxins and their specificities. 

5. Add 20 {il of each diludon of activating reagent (MAb, enterotoxin or lectin) to each 
of three wells of a 96- well flat- or round-bottom microtiter plate. Include control wells 
with 20 fU of PBS only. Add 20 [d PMA or calcium ionophorc at the single 
coocentratidn indicated in step 4. as the dose-response curve for these agents is 
extcemely narrow. 

A series of four dilutions will form one ivw of each microtiter plate, allowing for 
efficient organizption of the plates. 

6. To the wells of the 96-well miccoticer plate containing activating agent, add 2x10^ 
cells in 0,2 ml. 

7. Place microtiter plates in a humidified 37**C, 5% GO^ incubator for 2 to 4 days. 

Optimum culture periods for stimulating cells will vary depending on cell type and 
laboratory conditions and must be determined empirically (see critical parameters^ 

8. Add pECldiymidine to each welL Return the plates to CO2 incubator to pulse 18 to 24 
he Harvest cells using a semiautornated sample harvester and measure cpm in P 
scintillation counter. 

9a, Compute the data as the difference in <^m of stimulated (experinaental) and control 
(no activating agent added) cultures. This is done by subtracting the arithmetic mean 
of cpm from triplicate control cultures from the arithuKtic mean of cpm from 
correspionding stinuilated cultures. The results are referted to as "A cpm." 

9b. Alternatively, compute the data as the ratio of cpm of stimulated and control cu ltures. 
This is done by dividing the adthmetic mean of cpm from stimulated cultures by the 
arithmetic mean of cpm from control cultures. The results are referred to **Sr' 
(stimulation index). 

The second method (step 9b) has the disadvantage that small changes in background 
values will result in huge changes in SI and should be interpreted with caution. In most 
publications, A cpm rather than SI values are preferred 

ACTIVATION OF UNPRIMED T CELLS WITH 
PLATE-BOUND ANTTOODIES 

Aldiough it is possible to indiKC T cell activatim with monoclonal antibodies to the 
CD3/TC31 complex in solution during culture, such Ovation depends on cioss-Unking 
of the antibody by Fc receptor-bearing accessory cells. This protocol describes the use 
of HKMioclonal antibodies to die GD3/TCR complex by coupling them to the wells of the 
mict<^ter plates. Tbo T cell proliferative response induced under these conditions does 
not require the presence of significant huntf>ers of accessory cells, although the responses 
obtauied may be suboptiroal (Jenkins at al., 1990), 

Use of diis protocol is recommended for use with those antibodies to the CD3/TCR 
complex which bind poorly to the Fc receptcH^ present on murine accessory cells and which 
do not induce TceU a^ti vadon in soluble form. Althougji all monoclonal antibodies readily 
couple to plastic under these conditions, it is very difficult to induce a proliferative 
response with certain antibodies such as the G7, anti-Thy- 1 monoclonal antibody. In such 
cases, the conditions described in the basic protocol should be followed. 
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Addidonal McUerkds - ^ 

PBS (/U'favo/y 2), room (emperatuce and 4'*C 

I rag/ml purified anti-CD3 or anti-TCR UAh in PBS (for nouspectfic activatioQ 
of T cells) or 1 mg/ral purified anti-Vp or anti-TCR-yS MAb in PBS (for 
activatioa of Tcelk with specific receptors; see Table 3.12.1) 

I. In 4-ml conical polystyrene tubes, prepare a series of four dilutions of MAb from 
sterile I mg/ml stock solutions-^.g., 100. 10. I. and 0,1 fig/ml— using room 
temperature PBS. 

Sources and recommended concerurations of monoclonal antibodies can be found in 
Table 3,111; since MAb will bind to plastic, the working dilutions should be used 
immediately. 

The ability of anH-TCR antibodies to cross-link receptor molecules varies depending 
on the purity of the MAb preparation and the comity of the MAb for the TCR/CD3 
complex. Optimum dUutions wUl have to be determined in dose response experiments. 
Alternatively, prqkirations of ascites fluid fiom the MAb can be tested at different 
dilutions (e.g., 1:100^ 1:200^ 1:400, and 1:^0), but use of purified antibody wMaOow 
for 

better sKmdardizpSion of 0ie assay. 

Because the efficacy of MAb-induced activation depends on the amount cf antibody 
bound to the bottom of the wells, u is crucial to make the dilutions in a bt^er without 
any additional source of proteins such as FCS or albumin: these would compete with 
die binding of the antibody, and therefore reduce the responsiveness. For this reason. 
It is also not recommeruled to perform the assay with culture supematants of the 
appropriate hybridomas. 

2. Add 30 til of each concentradon of MAb solution to each of three wells of a 96- well 
round-bottom niicrotiter plate. Include control wells of 30|il PBS only. 

A series of four (Ulutions wUlfprm one row of emh plate, allowing for efficient 
organization of the plates. Con^istendy better responses are seen with round-bottom 
(compared with flat-bottorn) plates in mtibody-mediated experiments. 

Most often, optimal responses are seen with 10 pg/ml antibody There is no point in 
adding more than the indicated amount of antibody, s 'mce the maximum amount that 
can bind to surface of die wells is~2to3pg (AM.tL, unpub. observ.y 

3. Cover the plate and gently tap its side to ensure complete covering of the bottom of 
the wells. Incubate plates 90 rain at 37X, During incubation, proceed to step 4, 

During this incubation, the antibodies bind to the plasdc in the wells for subsequent 
cross-linking of die TceU receptors on responding TceUs. Plates can also be prepared 
the night before an experiment and kept in the refrigerator overnight. <^r the 3TC 
iru:ubation. 

4. Prepare responderccU suspensions as in steps I to 3 of the basic protocol. 

Highly purified T cell populations can be used in these studies as the proliferative 
response induced is accessory cell-independent. However, the presence of noa~T 
accessory cells does ruft interfere with the proliferative response, 

5. Wash the wells of the incubated plates by adding 200 |xl cold PBS and inverting the 
plates with a flick of die hand on a stack of paper toweb placed in a tissue culture 
hood. Repeat washing procedure two more times to remove excess antibody. 

6. To the wells of the washed plates, add -2 x 10^ cells in 0.2 ml. 

Ifcells are not ready at this stage, plates may be kept in the refrigerator overnight after 
100 fd PBS has been added Presumably longer storage periods should be acceptable 
but our ejq^rlence is limited to <4day periods. The PBS should be removed before 
the cells are added 
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Most ceU populations wiU give peak responsiveness at this ceU dosage, but pilot 
oddments shMuM be peiformed to establish optimal conditions. 

7- Proceed as in aeps 7 to 9 of the basic protocol, but incubate cultures for 2 to 3 days 
before adding (^H]thytnidine. 

Kinetic assays should be performed to determine the optimum culture period. 

T CELLPROLIFERATTON IN MIXED LYMPHOCYTE CULTURES 

In the mixed lymphocyte culture (MLC) or reaction (MLR), suspensions of responderT 
cells are cultured with aUogeneic stimulator lymphocytes. The activating stimulus is the 
foreign histocompatibUity antigen (usually MHC class I or class n molecules),expressed 
on the aUogeneic stimulator ceUs, Responder cells need not be primed because a suffi- 
ciently high number of T cells in the MLC will respond to the stimulator population If 
the stimulator ccU population contains T cells, their uptake of pHltfaymidine must be 
piKventBd by ioradiation or treatment with mitomydn C; alternatively the stimulator ccU 
suspension can be deleted of T cells (see support prx)tocols). 

AddiUoiuil Materials 

Responder cells: lymphocytes from nonimmunized mouse tiiymus. spleen or lymph 
nodes iumiSL9^s.i) or purified T cells or T cell subpopulations {oNnsstsji) 

Stimulator cells: aBogeneic mouse spleen cdls that differ from the re^nder cells 
at H-2 or Mis loei, irradiated or treated with mitomycin C (second support 
protocol) or T cell-depleted (first support protocol) 

1. Ptepaie responder cell populaticMis as in steps I to 3 of die basic protocol. Althou^ 
unfractionated ceU populations can be used as responders in certain situations, it may 
be ptefecaWe to use purified T ceUs or T cell subsets. 

To estimate the MLR of a ceU population, it is necessary to perform a dose-response 
assay with d^erent numbers of responder cells. TypicaUy. three replicate wells are set 
up containing eackof the following: 0.5. 1. 2, and4xl0' celts (optimal responses are 
usuaUy obtained with the latter two densities). The setup for these four ceU densities 
will otxupy one row ( 12 wells) of a microtiler plate. 

For thymocytes. Utnay be necessary to use 8x10^ cells per well because the frequency 
ofnspandmg T cells is lower; the lowest number of responder cells could then belx 
1(F and the doses in between would be 2 and 4 x l(fi. Using this range of higher 
numbers of responder cells may also be preferred when experimental manipulations 
are expected to reduce Ae frequency of responding TceUs. 

2. To a 96-weU microdter plate, add 5 x 10* to4 x Itf responder cells in O.l ml to each 
weH. Iw ea* experitnentzd group, set up three reptic^^ 

Stimulation of leukocytes for protfferation in 96-weU microtiter plates can be run in 
parallel with cytotoxic T lymphocyte (CTL) generation (wrr j.u). which is performed 
m 24-well mKratiter plates. For example, cells can be dUuted to 4x10^ cellsAnl and 
oMed to 24 wen plates in LOmlAveUfor CFLgeneration and to 96-weU plates in 0 1 
mlAveltforprol^eration. 

3. Prepare a single-cell suspension of irradiated or mitomycin C-treated stimulatorcells 
Altematively. prepare asuspension of T-cell depleted stimulator eeUs. Add O.I ml to 
each well of the plates containing tesporKlCT cells. 

^optimum number ofstimtdator cells must be deUrminedfor each MLC and for 
different responder ceUs. For a range of responder cells from 0.5-4 X l(fi test 
.Jftmtttoor ceUs at densities of 2. 4. and 8 x mml(Le.. 2. 4. and 8 x l(P/weU) It 
shotdd be noted that the stimulator ceU suspension provides both the specific antigen 
to be recogmzed by the responder T cells as weU as nonspecific accessory cells If 
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highly pur^ud ^ ceUs are used as the responder population, a is therefore not 
necessary to sttpplement the culture wUh noa-T accessory cells syngeneic to the 
responder T cells. 

Separate wells with control cultures should be set up that iaclude-for each dose of 
lesponder and stunulator cells-replicate wells of responder ceUs with irradiated or 
mitofnycm C-4reated syngeneic stimulator cells. Values obtained from these controls 
reflect 'Ijackground" proliferatioa values (see step 9 of basic protocol) Other negative 
controls often uiduded ate wells with stimulator ceUs alone and wells with responder 
ceUs alone. These ace not used for the calculation of the data, but are useftil to compare 
with the background proUfctatioo values; the latter should not be much higher (<2-fold) 
than those obtained with stimulator or responder ceUs dioae. Higher backgrouM values 
UHlicate potential autoteactivity. 

4. Follow steps 7 to 9 of die basic protocol, but incubate die cultures for 3 to 6 days. 

Opfimum cultUK periods for stimulating cells wiU vary depending on ceU type and 
laboratory conditions, and must be determined empiricaUy (see critical parameters). 

DEPLETION OF T CELLS FROM 

A^^^GEN PRESE^mNG/STnVfULATOR CELLSUSPENSIONS 

Aldiough normal unfcactionated spleen cell populations can be used as a source of 
accessory cells, m certain types of experiments it may be preferable to use spleen ceU 
populations from which die T cells have been removed. This pnx^eduie ensures diat none 
of die observed proliferative responses of die responder population result from T cell 
fectors derived from die accejssoty cell population. For cxarnplc, even T ceils whose cell 
division has been blocked (second support protocol) can produce cytokines. In die 
followmg steps. T cell-depleted spleen cell suspensions are prepared using a lytic 
monoclonal antibody to die T ceU antigen. TTiy-1. Because almost aU die ant^ea 
presentation or stimulator ceU activity in spleen resides in the non-T ceU ftactioui tiiis 
procedure also leads to enrichment of frinctional antigen-presenting ceU function. Fuidier 
ennchment of antigen-presenting cells (AFC) by flotation of theT ceU^leted spleen 
cells on PercoU gradients is also described. Otfier procedures leading to enrichment of 
APC are descnbed elsewhere; die metfiod described in vnttj.? does not deplete T ceUs 
and dierefore is not recommended here; die ttiediod described in UNrr3.is leads to higher 
levels of ennchment diat are not required in die protocols presented here. 

Additional MtOeridts 

Spleen cells from nonimmunized mice 
Hanks balanced salt solution (HBSS; appendo: 2) 
Low-Tox rabbttooraplement (Cedarlane #CL3051), leconstioited widi 
icencold distilled water and fdter-steriUzed 

Anti-Thy-L2 ascites (HO-13^; ATCCffTIB 99) oranti-Thy-l.l ascites 
(HO-22-1; ATCC #TIB 100; alternatively, see Table 3.4.1 for otficr 
anti-Thy-1 MAb and ijNrrz6 for pnxiuction of ascites) 

70% PercoU solution (unitj.s and reagents and solutions) 

1. Ceqtrifiige die spleen cell suspension derived from single spleen down to a peUet 

ThespUen cells should always be from aonprimed animals and should be syngeneic 
to the responder T cells unless they are to be used as stimulator cells in the MLC. 

2. To die peUet. add 0.9 ml HBSS. 0. 1 ml complement, and 25 pi anti-Thy- 1 ascites. 



If cells from more than a singU spleen are needed, the pmcedure should be scaled 
accordingly. 
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The choice of anti-Thy-l reagent to be used depends on the strain of animal from which 
the spleen was derived. The great majority of commonly available mouse strains 
(except AKR) express the Thy L? allele. 

3- Incubate the mixture at 45 min in a 3TC water bath, 

4. Centrifuge 10 min in Sorvall H- lOOOB rotor at -1000 rpm (200 x g), room tempera- 
ture, and discard supernatant Resuspend pellet in HBSS and wash two more times. 

5. Count viable cells {apfenddc i) and resuspend in complete RPMI-10 or PBS for 
inactivation as in the second support protocol, or in HBSS to prepare low-density 
accessory cells (see below). 

The T cell-depleted spleen cell population is conqjrised qfB cells, macrophages, and 
dendritic cells. Furdier enridtment of cells with enhanced accessory cell/unction can 
be obtained by fractionation of this poptdation on PercolL 

6. Dilute 70% PercoU solution to 55% by ouxing 23,58 ml of tte 70% PercoU with 6.42 
nil HBSS. Resuspend T cell-niepletcd spleen cells from step 5 in HBSS at 20 X 10^ 
cells/mL 

7. Layer 3 ml cell suspension over 3 ml of 55% PercoU solution in a 15-ml conical 
centrifuge tube. 

8. Spin 13 tiiin in H-IOOOB rotor at 3000 ipm (1900 X g), room temperature, 

9. Remove cells that band at the PetcoU/HBSS interface widi a 5-in, Pasteur pipet and 
wash 3 times to EfBSS as in step 4, 

10, Count viable ceUs and resuspend in complete RPMI-IO for inactivation according to 
the second support protocoL 

The population obtained from steps 6 to 10 is comprised of large cells mduding 
macrophages, dendritic cells, and. activated B lymphocytes. This population of cells is 
enriched in accessory cell function When used in either of the basic pmtocols with 
purified T responder cells, fewer of the PercoU-purified cells should be needed to 
provide accessory function. 

BLOCKING CELLULAR DIVISION OF ACCESSORY/STIMULATOR CELLS 

There are two situations in which inhibition of accessory or stimulator cell division should 
be blodced. When purified T cells rather than unfractionated lymphoid p(^btions are 
used in the basic protocol, cultures are frequently supplemented with accessory cells 
syngeneic to the responder T cells. If accessory cell DMA synthesis is inhibited, one /:an 
then be certain that the resultant proliferative lespc^se is con^rised entirely of responder 
T cells and does not contain a component of recruited B cell proliferation derived from 
the accessory cell populations. In the MLR» tte stiitiulator ceUs are spleen cells from mice 
that differ from the responder cells in H-l aitd/or Mis gene e}q>ression (see appendix /, 
Tables A. I C I and A. IF. 1) and they can also recognize alloandgens on the responder cells. 
This responsiveness of stimulator cells against responder cells in an MLR (so^alled 
back-stimulation) must be prevented by blocking cellular division. This can be done by 
treatment of stimulator cells with mitomycin C (a DNA cross-linking reagent) or by g 
uradiation. Many investigators prefer miton^cin C treatment when antigenic differences 
encoded for by Mis genes are to be measured, or when an irradiation source is not available. 
For more information on the loci encoding Mis genes, see Tables A- IF2 and A, 1F3, 

Mitomycin C IVeatment 

Additional Materials 

Mitomycin C (Sigma frM-0503; store in dark) 
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L In a l5-nil aluminam foil-wrapped tube, prepare a solution of mitomycia C in PBS 
at 0.5 mg/ml and filter sterilize. 

Since mitomycin C is very light-sensitive,- it is necessary to prepare a fresh stock 
solution each day for each experiment, 

2. Prepare spleen cell suspension as described in steps I and 2 of the basic protocol at 
a concentration of 5 x 10' cells/ml in PBS. 

3, Add mitomycin C to a final concentration of 50 Jig/ml (100 (tl/ml of cell suspension) 
and wrap the tube in aluminum foiL Incubate 20 min at 37°C, 

4. AddancxcessofcoaipleteRPMI-5(i-c., fiUtubewith~l2ml)andcentrifu lOmin 
in Sorvall H-IOOOB rotor at 1200 rpm (300 x g). Discard supernatant and repeat 
washing procedure two more times. 

Three washes are crucial because any traces of mitomycin C left among the cells will 
reduce proliferative responses when the cells are added to an MLjC. 

5, Resuspend pellet in complete RPMI-IO, Count cells with hemacytometer. Adjust to 
desired concentration as described in the annotation to step 6 of the basic protocoL 



Irradiation Treatment 

Prepare a spleen cell suspension as described in steps 1 to 3 of the basic protocol, at a 
final concentration of5-10xl0^ cells/ml in complete RPMI- 10, Using a source of ionizing 
irradiation (*^ or *^Cs y-irradiator, e.g., GaramaceU 1000, Nordion), deliver 1000 to 
2000 rad of irradiation to the cells. 

This dose range of irradiation is suitable for most immunologic apphcations employing 
spleen cell suspensions. However, antigen presentation by different spleen cells is 
differentially affected by irradiation (Ashwelletal,, 1984): atlow doses (500 to 1000 rad), 
antigen^piesenting functi<Ki of B cells is pceserved; after doses of llOO to 2000 rad, a 
substantial decline is observed; and doses >2000 rad abolish the participation of B cells 
as APC. Macro^ages and dendritic cells, on the other hand, maintain antigen preswtation 
through doses of 3000 tad. To ensure that B cells do not participate in the responses 
measured, some investigators prefer to use doses of 2000 rad. However, responsiveness 
to Mis antigens can best be measured with stimulator cells that received doses of <l(K)0 
rad, since B cells present Mis more effectively. Alternatively, Aflj responsiveness can be 
measured after mitomycin C treatment of stimulator cells, siiK:e it also preserves the 
antigen-pcesentation function of B cells. 

When transfom^ cell lines are used as antigen-presenting or accessory cells, higher 
doses must be used to qiotfc blockage of cell di^sion. The appropriate dose will have to 
be determined enipirically for each cell line, but is likely to be at least 5000 rad; sorfie 
transformed cdl lines require as much as 10,000 to 12,000 rad, and may be more sensitive 
to mitomycin C treatment 



ACTIVATION OF PRIMED T CELLS 

Proliferative responses to viruses, protein antigens, minor transplantation antigens, and 
the male H-Y antigen require in vivo immunization foUowed by in vitro stimulation, 
fiirthermore, enhanced proliferative responses to those antigens ihzi will generate pri- 
mary in vitro responses (t c-i MHC antigens) can be obtained by in vivo priming. Multiple 
ininiunizations usually elevate in vitro responses. 

To immunize animals for in vitro secondary responses to soluble protein antigens or 
peptides, dissolve antigens and emulsify in complete Freunds adjuvant (unit zJj. For 
strong responses by draining lymph node cells, immunize animals in a hind footpad For 
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stroag responses by sfdeen cells, immunize intraperitoneally, Tail-base immuoization bIso 
can be used as an ciBfictent route of immunization; follow procedure for intradermal 
injection. To pririK animats against cellular antigens, inject intraperitoneally with 1-5 x 
10^ cells that express the antigen, bnmuatzation protocob are described in unst l6. 

Within 2 to 3 weeks after in vivo priming, in vitro responsiveness of pritned T cells can 
usually be measured. This assay is often used as a preparation for subsequent \a vitro 
cloning procedures {vNrrsjd) and Tcell hybridoma preparation (ur/nrj u). 

Materials 

Complete RPMI-10 medium {appendoci) 

Responder cdls: Purified T cells isolated from lymph oodes (tw/rs SA-3.6) of 
in vivo primed mice 

Antigen: 1 mg/ml sterile protein antigen(s) iUNrrsA3\ in PBS or suspension of 
irradiated or mitomycin C-treated stimulator cells expressing alloantigens 
at 8 X 10^ cells/ml iUNfTxn, support protocol) in coraptete RPMI IO medium 
{appendoci) 

Accessory cells: suspension of irradiated or mitomycin C-tceated (or Tcell- 
depleli6d) spl6» cells syngendc to the responding T cells at 5 x 10^ cells/ml 
in complete RPME- 10 medium 

4-rtd conical tubes 

96- well flat-bottom microtiter plates with lids 

1, Follow steps 1 to 3 of the first basic protocol for preparation of responder cells. 

2. Prepare 4-fold dilution series of the antigens in 4-ml conical tubes, using complete 
RPMI-10. 

The following dilutions are re<:ontmended: JOO, 10, i, and 0. / pg/ml protein antigens 
and8,4, 2^<ind Ix I(fi celLs/ndofstinudatorcelU incompUte mediian. 

3. Add antigens to 96-well flat-bottom microtiter plates, at 30 }il/w^ll for protein 
antigens or 100 (li/weU for cellular antigens. For each e)q)erimental group, set up 
three replicate welb and include control wells with medium only (no antigen). 

By using four concentrations of antigens and three replicate wells for each dose, one 
row ofa microtiter plate will coxier the entire tested range, 

4. Add responder T cells ui 0.1 ml to each well 

Purified T cells are recommended; otherwise extremely high background values may 
be obtained This appears to be due in part to proliferation of recruited cells (T and 
non-T) Aatare notarttigen'specific. tf urifracdonatedlytn^ from recendy 

prirnedtnice are used, add 1-2 xI(P cells per weUiondpro^ 

5, If purified lymph node T cells specific for protein antigens are used, add O.l ml of 
accessory spleen cells syngeneic to the doncw of the responder T celk at 5 x 10^ cells 
perwelL 

Purified Tcells require an exogenous source of accessory non-T cells. Accessory cells 
function both as aruigen-presenting cells and as a source of undefined second 
sigruxls/' They are not required for cell preparations primed against cellular antigens^ 
because accessory ceUfurtction is pnivided by the stirnulator cells, 

6, Proceed as in steps 7 to 9 of the basic protocol. 

Culture periods before labeling can vary widely and kinetic assays should be per- 
formed In general, for T cells fivm primed mice, it is likely that the response wiUpeak 
at day 4 or 5, 
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REAGENTS AND SOLUTIONS 

Percoll solution 
Diluent: 

45 ml LOx PBS, pH 7.4 {appendix 2) 
3rnlO,6MHa 
132 ml HjO 
Filter sterilize 

70% Percoll solution: ^ 
63 ml Percoll (Pharmacia LKB #170891-01) 
37 ml sterile diluent (above) 
Final osmolarity should be 3 10 to 320 osM 



COMMENTARY 

Background Information 

Proliferative assays for measuring T cell 
function have ceitain advantages and disadvan- 
tages compared to the cytotoxic T lymphocyte 
(CTL) assay described in untt 3M or the 
lymphokine production assays in uNrrss.t5^6j. 
Advantages are that proliferative assays are 
less time-consuming, less labor-intensive, less 
ceU-consuming, and less cj^>cnsivc than **tnie*' 
effectorTcell function assays. A disadvantage 
is that antigen specificity is not as easily dem- 
onstrated in proliferative assays as in OTL 
assays, unless aatigen'q>ecific clones of pro- 
liferating c^ls are used. Furthermore, the pro- 
liferative assay only detects dividing cells in- 
stead of measuring true cflfoctor TccU function. 

It is not clear which T cell function is mea- 
sured in prolifecative assays; the protifeiative 
response should therefore be used solely as 
general indicators of T cell reactivity. Data 
obtained in proliferative assays might vari- 
ously reflect proliferation of CTL, lyniphok- 
ine-producing T cells, or nonactivated **by- 
standct'* cells, and voll be severely affected by 
the function of fK)n^T cdls such as accessory 
cells (see below). S'mce the majority of T cells 
respond to and produce 11^2 upon activation, 
differences in responsiveness in a proliferative 
assay in part reflect differences in ILr2 produc- 
tion by the responding T cells. Proliferative 
assays therefore bccon^ more meaningful 
when combined with ^e lymphokine detection 
assays presented in units 3JS4^6J, Since respon- 
siveness toiL-2 is also determined by the levels 
and &mctionality of IL-2 rccqptors, further in- 
formation will be added by including measure- 
ments of 11^2 receptors (untt 6.1) or by flow 
cytometry {umrSA), Yet, as a first approxima- 
tion of cellular activation, proliferative assays 
arc valuable. 



Otfkal Parameters 
and Troubleshooting 

Parameters affecting the magnitude of Tcell 
proliferative responses include cell concentra- 
tion, type of medium, source of serum, incuba- 
l<x conditions (COj lcv<^ and humidity), type 
and concentration of activating agent, type of 
responding T cells, type of accessory/ stimula- 
tor cells, mouse strain, and culture time. Opti- 
mal conditions for individual laboratories and 
experiments must be derived empirically with 
respect to these variabks, but general guide- 
lines are provided below, 

A.number of agents can be eniployed in the 
firstbasic protocol to induceTcellpFoliferatipn 
(Table 3,12,1), t cells may be activated by 
pharmacologic means by producing an eleva- 
tion of intracellular free calcium with a calcium 
ionophore combined widi activation of protein 
kinase C with a phorbol ester. The most direct 
means of inducing T cell activation involves 
stimulation with monoclonal antibodies that 
interact with the C3)3AX3t complex — i.e., 
anti-CD3 . anti-TGR-<xP or -76, as well as anti- 
antibodies that arc capable of interacting 
with a subs^ of cdls bearing a specific TOR. 
A vigorous T cell proliferative response of 
defined subsets can also be induced with cer- 
tain bacterial toxins ijiown as staphylococcal 
enterotoxins. These toxins are often referred to 
as "superantigens** {Marrack and Kapplcr, 
1989) because they stimulate T ceUs via the 
variable (V) gene segment of the TCR, Differ- 
ent toxins have affinities for different Vp chains 
and these ^edticities make them valuable re^ 
agents for activating T cells. The activating 
capacity of toxins is also d^>endent on their 
ability to bind to MHC class H molecules (i-^ * 
responding T cdls react with the toxin/class II 
OHnplex); thus, responsiveness varies with the 
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mouse straia used. Lectins such as phytobc- 
maggiudnin (PHA) and concanavalia A (Con 
A) have been wideiy used for many years to 
activate T cells. Although the precise mecha- 
nism of action of these agents is unknown, it is 
likely that lectins activate T cells by indirectly 
ctoss-liokiag the TCR because TCR-negative 
cells will not respond to these agents. Lastly, it 
is also possible to induce T cell activation with 
monoclonal antibodies Co cell-surface antigens 
other than the TCR; this protocol caiploys the 
G7 monoclonal antibody, one of the most ef- 
fective of the anti-Thy-1 activators (Gtmtcr <A 
aL. 1984). 

When comparing the reactivity of different 
cell populations, it is essential to perform dose- 
response assays for rcsponder T cells and acti- 
vating agents and fon both icqxmdcr a^ad stim- 
ulatorTcdls (in MLR), since each popul^ion 
may yield optinud responses at different cell 
numbers. This may reflect differeaces in fre- 
quency of responding cells, and hence may 
indicate a need to perform limiting dilution 
assays (ums.ts). Since peak responsiveness of 
different populations of T cells may occur at 
different times, it is also essential to perform 
kinetic expetimeiits-^.e., compare respon- 
siveness at days 2, 3, 4, and 5. 

Differences in responsiveness need not nec- 
essarily be due to differences in the fiDecpiency 
of responding T cells, but may also indicate 
differences in the efficacy with ^uch co-stim- 
ulatocy activity or ^'second signafe" are deliv- 
ered by the accessory cells present in different 
cell peculations. The type of interactions pcr- 
tineat to the gei^ration of jKimary responses 
by T cells is c^tplained in the coounentatics of 
umrs xiL Sl x(3. Specific requirements for 
inducing activation with immobilized antibod- 
ies have been described (Staerz and Bevan^ 
19S6; Hathcock ct ali. 1989; Jenkins ct al^ 
1990). A responding cell population com- 
pletely devoid of acbcssoty cells (such as jpuri- 
fied p(^ulations of splenic or lymph node T 
cells or cloned T cells) wUl yield fine respon- 
siveness in an MLC, stncc accessory cell func- 
tion is provided by the stimulator cells; how- 
ever, the same population will generally not 
yield responses when mitogens, antigens, or 
enterptoxins are used. In such a setting, acces- 
sory cells may also function as antigen-present- 
ing cells (APC). Addition of irradiated or mi- 
tomycin C-treated syngeneic sources of acces- 
sory cells (either whole spleen eel Is or purified 
APC; see first support protocol) can be used to 
restore responsiveness in purified T cells. The 
need for accessory cells can sometimes be 



bypassed when anti-TCR monoclonal antibod- 
ies are coupled to plastic, or when certain and- 
Thy-l monoclonal antibodies ate used; how- 
ever, diese conditions do not necessarily result 
in optimal responsiveness (Jenkins ct al.. 
1990). 

Thc level of [^Hjthymidinc incorporation 
should not be regarded only as a reflection of 
cellular proliferation: some nondividing cells 
will synthesize DNA and "cold^ thymidine 
released by disintegrating cells will compete 
with incorporation of labeled thymidine. 
Therefore, n:^asurements of DNA synthesis 
should be accompanied by coundng viable 
ccQs over the length of the culture period if a 
true estimate of ceUular proliferation is to be 
obtained. Of course, cell death of nonactivated 
cells willalso interfere with the accuracy of this 
last parameter. 

The sensitivity <^ (roliferation assays is 
such that small errors in cell numbers will result 
in large differences in C'HIthymidiae incorpo- 
ration values. When values oteiincd in tripli- 
cate cultures correspond poorly (e.g., >5% dif- 
ference in cpm values >1000), technical prob- 
lems such as ceil clumping, dilution, and 
pipetting slvxdd be considered. Excessively 
high values may be obtained fiom contami- 
nated wdls, as pH]thynudine will be incorpo- 
rated into replicating bactcna; therefore, it is 
good practice to dieck the wells fi:om microti- 
ter plates under an inverted microscope for 
contamination. Contamination may also inter- 
fere with proliferation of the activated lympho- 
cytcs- 

It is also usefid to check for blast formation 
by microscopic examination of the cultures: 
activated lymphocytes will tend td enlarge, and 
detection of blasts will give a general indication 
of successfiil activation. 

The tndn problem that miay occur with pro- 
liferative response assays is high levds ofback- 
gTGKirid (^(Qthymidine iticckporation ia^^ 
cultures without antigens. This problem is 
quently due to the fetal calf iserum (PCS) used 
to su{^lement the cultures, which may be mi^ 
togenic focB cells. Different lots of PCS should 
be screened to sdbct those that are nonstimtda- 
tory or only weakly stimulatory in the absence 
of other stimuli, and that support strong prolif- 
etndvc responses ^x>n antijgcnic stiuiulation of 
Tcdls, 

If flat-bottom microtiter plates are used in 
the procedure and weak responses occtir, it 
may be useful to switch to round-bottom 
plates. Our laboratory has found consistently 
better responses in round -bottom plates when 
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thymocytes arc used as respohder cells or 
with slight alloantigen ic differences b^wcctt 
responding and stimulating cells. In addition, 
antibody- mediated experiments yield better 
results with round-bottom plates. Presum- 
ably, this reflects better cell contact obtait^ 
in such plates; optimal responses will almost 
certainly occur at different cell numbers than 
in flat-bottom plates and densities will have 
to be adjusted accordingly. 

Although satisfactory rc^wnses to most al- 
loantigens can be obtained with complete 
EUPft/fl-lO medium, it may be necessary to com- 
pare different media. This need arises when the 
proliferative responses arc weak (Le., when 
I'Hlthymidine values for activated cultures are 
<lO-foldhigt« than those for control cultures) 
and may occur luder various cticumstances: 
weak alloantigenic differences between re- 
spondcr and stimulator cells, weak T cell pro- 
liferative function in the responder cdls or 
diminished APC function in the stimulator cells 
due to expedmental ihanipulations, or a low 
precursor frequency of responding T cells. 
Thymocytes in particular do not contain a high 
level of responding T cells, Frcqucntiy, prolif- 
eration can be improved when complete Clicks 
or Dulbeccos media are used (widi additives as 
described in APeENDOC i), presumably because 
these media contain additional nutrieots and 
have an bsmolarity more compatible with 
mouse serum than RPML 

When RPMI is used as medium, 5% CO2 
will be sufficient, but for other media, a 7.5% 
CO2 concentration in the incubator will be 
more satisfactory. Generally, the buffering ca- 
pacity of DMEM is insufficient at 5%, but fine 
at 7-5%, Much will also d^cnd on the prolif- 
erative activity of the responding population of 
Tcdls (c.g^ vigorous proliferation will reduce 
the pH in the cultures); it is th^x^orc cceoin- 
inended to ccMnpare responsiveness in initial 
pilot experiments in incubators set at different 
CQ2 concentrations. 

The culture period required for stimula- 
tion — after which the cells are to be labeled — 
varies for different laboratories, media, and 
types of responding and sdmulator cells. Con- 
ditions elidting weak responses, such as those 
obtained with thymocytes or a weak alloantige- 
nic difference, will require a longer culture 
pedod (5 to 6 days) than those which elicit a 
higher frequency of responding T cells (3 to 4 
days). Because laboratory conditions vary, it 
will be necessary to run a kincdc assay to 
determine the optimal time for T ccU prolifer- 



ation. Addition of pHl thymidine on days 2, 3, 
4. 5, and 6 will provide a useful test; further 
extension of the culture period will not yield 
any improvenicttts, due to exhaustion of nutri- 
ents in die medium. 

Ajatidpated Results 

Ex>r proliferative assays described in the 
basic protocol, which activate the majority of 
the responding T cells, responses of 100,000 
cpm should be obtained; in the MLR or follow- 
ing activation with monoclonal antibodies to 
subpopulations of T cells (anti-VP), responses 
up to 100,000 cpm may be observed; however, 
measurements of 20,000 cpm (with tigjit stan- 
dard errors) can be quite satisfactory. Back- 
ground values of <1000 cpm should be ex- 
pected. Elcpofted results (as described in stqi 
9a) should be mean cpm of experimental wells 
minus background cpm (A cpm). 

Time Considerations 

The time required to set up proliferative 
■assays is not more than a day, with the number 
of hours depending on the number of different 
groups of responder cells that must bc{rcpared. 
The time required for incubation of cclk ranges 
from 2 to 6 days, as noted shove in critical 
parameters, {Hallowing an additional 18- to 24- 
hr incubation period for pulsing, harvesting the 
celb and measuring cpm will require seveiial 
hours d^)ending on the number of plates (—15 
min for harvesting each plate and -100 rain for 
counting eadi plate at 1 min/sample). 
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Dendritic cells are allowing scientists to overcome a 
longstanding obstacle to research in immunology by extending 
the playing field beyond antigens to immunogens and beyond 

models to pathogens that cause disease 



The Dendritic Cell Advantage 

New Focus For 
-Based Therapies 




by Ralph M. Steimnaa 



The focus of immune therapeutics 
has been on lymphocytes, tbc 
cellular mediaioi:s of immunity, 
and ihc suppression of lymphocyte 
fiinctiort: The drug ciclosporin (cyclo- 
sporine) is an excellent and successful 
example. Howcvc^. medicine needs 
therapies that enhance immunity or 
resistance to mfcctious and tumors. 
Medicine also needs strategics, 
whether suppressive or enhancing, that 
are .speciric to the disease-causing 
, stimulus or antigeti. In contrast to lym- 
phocytes, dendritic cells (DCs) provide 
a much cadier and antigen -specific 
means tor manipulating the immune 
rcspcmsc, DCs capture antigens and 
then initiate and control the activities 
of lymphocytes, including the develop- 
ment of resistance to infections and 
tunK»rs (leviewed in rciFerences 1-3). 
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Summary 

Dendritic cells (OCs) provide a much eariier and antigen-spedfrc means for 
manipulating the immune response. The best^tudied hjnction of DCs is to con- 
vert antig^ into immunogens for T cells. The "DC advantage" entails a myriad 
of functions, DCs are more than antigien -presenting cells; they are accessories 
or adjuvants or catalysts for jriggering and controlling immunity. Another special 
feature of OCs is their location and movement in the txxjy; DCs are stationed at 
surfaces where antigens gain access to the body. The events that make up the 
life histbty of OCs are now being unraveled in molecular terms. As research on 
DCs expands, more potential functions and more sites for their maniptdation are 
becomihg apparent. e2(X)o ProusSdecx^. A0 rights 



Tfie controlUng role of OCs is best 
known for thymus -dependent lympho- 
cytes or T cells which are important in 
many diseases, the most poignant 
being the AfOS epidemic (Table I). 
OCs were identified in a few laborato- 
ries that were focusing <»n the itKfuction 
of immunity from resting T cells, h 
was netted that immune tissues (.spleen, 
lymph nodes, lymph. bkKxJ) had a 
small fraction of cells willi unasual 



**tree-like" w "dendritic*' processes. 
Iliese distinctive cells had not t>een 
recognized previou5;ly and they proved 
to have distinct functions. Most impor- 
tantly, DCs were potent inducers of 
immunity even in animals, nc>t jast the 
test tut>e, and now even in patients 
(reviewed in nifcrtnces 1-3). 

The OC field was held back by the 
fact tfuit there wae.s<» few cells relative 
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TABLE I: HUMAN DISEASES THAT INVOLVE T CELLS 



« Rejection of oigan transplants and graft-vs -host disease in bone manow transplantation 

• Resistance to many infections indudtng vaccine design 

« Vaccines against tumors and immune therapies for extsttng tunors 

• Allergy 

• Alps 

• AutoimmiHTe diseases like tnsulci-dependent (juvenBe) diabetes, multiple sclerosis, 
ft^umatoid arthritis and psoriasis 



Antigen 



T-cell response 




Antigen 



dendritic cefis 



T-c^ response 



Fig. 1. A key function of dendritic cells. Antigens within tumors, transplants and eifecttous 
agents riieed to be presented l>y tXs to becdme Immunogens. i.e., to make T cells liegin to 
grow and exhibit ttieir helper acwJ killer functions. ^ 



-to otfier players in the immune system 
such as B cells, T cells and 
macrophages, fn reality, DCs are quite 
abundant for the job they have to do, 
namely, to initiate immune responses 
from antigen-specific T cells. In 
immune system organs like lymph 
nodes, DCs form an extensive network 
throughout the T cell-rich regions and 
f^ysicaily outnumber any given anti- 
gcn-reacti ve T eel I by at least 1 00 to I , 
The DC field was af.so held back 
because many thought that die cells 
were no different from macrof^^es, 
thti?j keeping investigaton; from work- 
ing on the active DCs, fn reality, DCs 
were identified on the basis of pro- 
found differences from macrophages, 
and their many distinct properties and 
functions were only uncovered by sep- 
arating DCs from macrophages. 

The best-suidied function of DCs is 
to convert antigens into immunogens 
for T cells. The antigen recqittirs on T 
cells do not focus on intact proteitis in 
micrc^jes and tumors, but instead rec- 
ognize fragmented or processed prcv- 
tcins, diat is, pq>tides. The pnx:essing 
of protein antigens into peptides occurs 
within cells, and then the peptides are 
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displayed or presented at the cell sur- 
face affixed to products of the major 
htsUxximpatibility complex (MHC). 
The ensuing interaction between a T- 
cell receptor (TCR) atnl its specific 
MHC-peptidc a>mplcx allows a T cell 
to detect peptides formed within cells 
in Uansplants, tumors, sites of infection 
and self tissues attacked during 
autoimmune disease (Table 1). 
Antigens" refers to specific sub- 
stances reci:>gnized by the immune sys- 
tem, while '^immunogens*' refers to 
antigens that effectively induce 
responses either by themselves or 
together with enhancing materids 
called "adjuvants." For T cells in par- 
ticular, ahtigeas and immunogens arc 
not one and die same (Rg. I ). Even 
prcfMoccssed peptides and MHC-pep- 
tide complexes arc weak immunogens. 
This was evident early on in the work 
of Peter Medawar, the great scientist 
who discovered the tmnuine basis of 
traaspiantation. He spent many years 
trying to purify functicming transplan- 
tation antigais. These efforts were to 
little avail- 

What was n<rtkno\yn in Medawar' s 
time is that transplantation antigens 



ff 
i 



(later shown to be VlHC-pcplidc com 
picxes) become immunogenic when 
presented by tX^s-"* In other words, 
transplantation antigens when present- 
ed on cnany cell types are weak 
inuuunogens, but on DCs diey bcccxuc. 
powetful inducers of immunity.'* 'flic 
same is true of peptides that become ^ 
much more immunogenic when pn:- 
sented on DCs, DCs activate T cells by 
getting them to divide and express dieir 
helper and killer fiinctions. Then the 
activated T cells interact with other 
antigen-presenting cells to eliminate 
the antigen in question. . DCs are also * 
called **nature's adjuvani,'* t>ccausc 
prior adjuvants were artificial .sub- 
stances ascd to enhance immunity. The 
DC advantage entails a myriad of func- 
tions, some of which will be consid- 
ered bek»w. 
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Potency of dendritic celts 
in initiating tminunity 
in tissue culture 

-What are some specific features of 
DCs that warrant attention? The first is WKM 
their potency. Very small numbeo; of Hi 
DCs are sufficient to trigger strong T- 
Gcll responses in test tubes. Immune 
assays are generally carried out with^^^H 
impure antigeti-presenting cclls^ 
applied at a dose of one presenting cell 
for every T celL the latter often pmac- Mj 
tivated. In contrast, nni^ly one DC? |P 
per 30-100 T cells is more than suffi- 
cient to induce optimal rcspoases, 
including responses by resting T cells, 
A single DC c*an simultaneously acti- 
vate 10-20 T cells nestled within its 
sheet-like processes. Therefore, lX"s 
arc luopc than aiitigcn-presentingcGlIs^ 
diey are accessories or adjuvants <>r 
catalysts for triggering and controlling 
immunity. 

It has always been dear that ihc 
accessory function of fXls did H[ 
depend excltisively on thdr capacity io |P 
process antigens to form MHC-ix:|i- 
tide complexes. This is because the 
stimuh that were used to define the 
potency and immune-activating rt»lc of 
DCs did not icquirc that the DC's 
process an applied antigen. Such slim- B 
uli included major transplantation auli - wF 
gens, mitogens, ctMUact allergens, auri 
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T-cell antibodicj; and supcranttgens, 
Furt!icrnK»re. once resting T ceils were 
activated by DCs, the T cells respond- 
ed vigoixntsly to aatigcns presented by 
othei* cell types, showing that the latter 
were not deficient in fonning Itgands 
for the antigen receptor on T cells, but 
instead lacked accessory propcitics. 



The wocd ^'accessor/' has since 
been rephiccd by the terms *Ywofes- 
sionaf and *'cx>-stimulatOfy,'' but the 
basic concept is unchanged by j^fting 
icnnimilogy, T cells need stimuli od^ 
dian their specific trigger or ligand 
(MHC-peptide complexes) to begin to 
grow and function, forexample, to pro- 
duce the intcdeukins and killer mole- 
cules mentioned above. DOi arc potent 
in providing the needed accessory or 
cc»-stimulatory functions, Fdr example, 
DCs produce an adhesion molecule 
called DC-SIGN that binds tc> a taiget 
on resting T cells called and 
DCs express very high levels of a stim- 
ulatory molecule called GD86 that 
binds to CD28 on resting T cells/* 
These are but two examples of the spe^ 
x;ia!i7jed activiucs of DCs, These cells 
do ncK operate as a single magic bullet. 





Position of detidrttic cells 
in vivo 

Another special feature of DCs is 
their location and movement in the 
body. As criteria wete devck^>ed to 
identify DCs, it became feasible to go 
back into the animal and patient to look 
for the correspoodiftg cells in different 
tissues, DCs are stationed at surfaces 
where antlgcas gain access to Uk^ body 
<Fig, 2, left). The skin and the airway 
have been the best studied, DCs ate 
foufKl in afferent lymphatic vessels, 
special channels that allow cells to 
move from pcriphecal tissues to lym- 
plwid organs, primarily dieT-celj aitas 
(Fig- 2, middle atid right). This migra- 
tion is nnist readily observed in models 
of skin transplantation and contact 
allei]gy. wliich are the two most power- 
ful immune rc^nses known. 



DC migration is likdy to be very 
tmportani. The body's pool of T cells 
primarily traffics through the T-cell 
areas of lymph nodes, rather dian 
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Rg. 2, tX^tKm of dendritic 

fxck MP artfgens, move to me fymphotd tissues to find anfigen-speofic T cells and jaitiate 
wmwnrty Motecute mech;^rtsms bib beir^ uncovered that govern me motrfSzatk>n ir^u- 
ratoon. m^mlion and morta% of mese OCs: m the lymph node. T lyn^hocytes are select- 
ed kx expaosw and differentiation into he^ and kiHer T cells- The activated Tcelfe^en 

leave the lymph node to retwi to the t)ody surface or penpheral organ lo elkmiate the anfr 
gen. 



thrcKigb tissues where antigens arc usu- 
ally deposited. So when OCs capture 
antigens in the skin, airway or another 
periphend tissue, their migration to the 
T-ccH areas gives theni a chance to 
selea the conncsponding rare specific T 
cells ffoni the as.semb]cd repertoire 
(Fig. 2), The selected T cells dicn 
inaeasc in nuoiben; (clonal expaasion) 
and function, enabling the specific 
immune response to begin. The initial 
ftcquency of T cells that recognize an 
antigen is very smafL Oaly one in 
10,000-100,000 of Tcells in die reper- 
toire responds to a specific MHC-pep- 
tide complex. Tboreforc, it is so precise 
and eflRcicnt foriX-s to be able to pick 
tjp an antigen in the pcrifrficfy and then 
inidate the immune response from rare 
T-ccll doncs in lymj^oid Ofgatuj, 

The events that make up the life 
history of DCs (Ftigs. 2 and 3) are now 
being unraveled in moteodar terms. 
For example, scientists arc figurir^ oul 
how to expand antigen-capturing pre- 
cursors to DC!s using nt3 ligand and 
granulocyte colony-stimuMng factor 
(G-CSF)J Key players the tnobi- 
lization of DCs from iIjc periphery to 
lymph nodes ate the multidrug resis- 
tance rccqjtors.^ usually studied for 
their capacity to mediate ix:ststance to 
chemothcrapeutic agents rather than 



iwivement of DCs. Migratioa of DCs 
is controlled by chcmokines pmduced 
in the lyniphatic vessels and lymf^id 
organs (Fig. 2), These act on DC 
chemokine receptors to orchestrate 
their movement to the T-cell areas. 
Then within the lymphoid tissue, sev- 
eral members of die tuiwv rKxrrosis 
factor (TNF) and TNF-receptor fami- 
lies, such as TRANCE ainl CD40 lig- 
^in<^. trigger DC production of 
cytokines like intcrleukin-l 2. TheTNF 
family also maintains DC viability. 
Otherwise the cells die within a day or 
two. Each of these components of DC 
furicdon provides tat^ets for manipu- 
lating, immunity. 

Priming of T-cell immunity 
via dendritic cells 

Animal studies 

During the early research on DCs, 
several labs administered antigens to 
experimental animals and then tried to 
idenufy the cells that had captutcd the 
antigens in a form that was inmiuno- 
gcnic. Regardl^ of the route of anti- 
gen administrati<m (blood, niascle, 
skin, intestine and airway), DCs were 
the major reservoir of imtnuiiogcn. 
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Fla 3 The life histo^oJdendritfccefc. DCs arise irompf^^ « «»^« booe mar«w and Uus can be dn«n by 

^^JTBTflt^torrf Precureo<s are tonned, such as (he monocytes in Wood, v«h«h then gwe nse to immature DCs. the] 
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spaa is prolonged by TNF-«amiV mo*ecutes expressed by the actr^ 



Next, DCs were used as nalurc*s 
adjuvant to imraunizc anitnals. The 
DCs were udcen from mice or rate, 
exposed to antigens ex vivo and inject- 
ed back into immunologically naive 
recipients. The animals became immu- 
nized to the antigens that had been cap- 
tured by the DCs. and the inununiza- 
tion took place in the lymph nodes 
dntiniog the site of DC injection, 
Gctietic proof was provided that the 
DCs were priming the animal directly 
and not simply handing off their anti- 
gen to other cclls7*^ 

DC-based immunization is really 
very different from all poor attetiipts al 
cell therapy. Immunolc^y has had 
extensive expeiience with "^passive 
immuni74tion " whereby a recipient is 
given large numbers of cells thai arc 
activated prior to injccdon. It is hard to 
pioducc such large numbers of cellis 
and their lifespan, divcniity and eflRca- 
cy aic dl finik In contrast, when rda- 
tively small numbers of^ aiiUgen- 
chargcd DCs are used to induce 
immunity, this produces "'acdvc tmmu- 
nizalion." Now the animals (and 
patients, see below) can make their 
own diverse and longer lasting 
immune response to the antigen4)ear- 
ing DCs. 

Human studies 

The above cxperitnents made it 
clear that DCs. pulsed ejc vivo with 
antigens, actively immunized animals 
and raised the exciting possibility tfiat 
St ientists would be able to induce rcsis- 
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Rg 4 Tlie use Of dendrttiG cells as ati^uvants for enhancing immunity to tumors and 
ti^ aweols in humans. This new lonn of immune therapy begins with the isolation of 
precutsors from the patiem, usualV trom blood- The precuf^^ 

fy simr^ tissue cuHure systems) into large numbers of more mature OCs, Dunng ti^is ttme^ 
ine OCs are charged with antigens from the tumor or infection. Then the DCs arc lewif used ^ 
to elkA immurtty and thereby resistance to the disease- ■ 



tance to UinK>n;, infeaions and trans- 
plants in patients, iFor example, could 
one expose patients' OCs ex vivo to 
antigetis in tfieir tumors and then rwn- 
fuse the antigen-bearing DCs to client 
tumor-spcciftc immunity (Rg. 4)? This 
appmadi is acttially not terribly ctmi- 
plicated, but one First had to ovcrcotnc 
a major d>stacle and Icam to gc(ie(atc 
large number; of DCs, These tech- 
niques became availabfe in the 1990s. 
They liavc energized the field and, 
accorxiingly, clinical trials for the 
immunization of humans against can- 
cer have begun on tnost continents. 
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It is evident thai DCs can serve asjl 
adjuvants for humans, converting anti- 
gens into immtinogens.^:'^' Rvcn in^ 
advanced cancer, immune rcspcmscsHj 
already have been observed dwl ate" 
similar to or better than immune 
responses obtained with other 
af^roachcs. However, this approach is 
slill in its preliminaiy stages, ,sincc a 
g<»od deal of science remains to be ^ 
developed. On the <»ne hatid, there arc ||| 
aiticai unknowns in terms of overall 
DC biology. Many of the clinical stud- 
ies to date, for example, have oycT- B 
k»okcd key features that could improve ■ 
DC function, sucli as tlic aecd for DC!s 
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to he sufficiently mature (sec below) to 
be effective in vivo. Also, DC biology 
has to be placed in the context of spe- 
jcific tumors and pathogens and 
patients for CXZ-based therapies to be 
optimised. 

To summarizjc and further illustrate 
the role of DCs in the context of human 
disease (Table I), consider the need to 
harr^ss T cells to resist tuinors and 
chronic infections. Protein antigens 
often arc known for a tumor-like 
melanoma, or for a vims like HIV- 1 
whose genetic sequence has been 
available for more than 15 years. 
However, this knowledge about anti- 
gens from melanoma and KIV-I anti- 
gens remains to be converted into 
methods that provide bcuer itnmuno- 
gens either for immune therapy of 
melanoma or for the design of HIV- 1 
vaccines. This is because some iihpor- 
lant facts of immunological Kfe are 
being overlooked When antigens are 
injected, they also need to gain access 
to the right DCs to become immuno- 
gens (Fig. I ). 

Deifverfng antigens 
to dendritic cells 

Broadly speaking, a central goal is 
to leam how to deliver or ^'targ^** anti- 
gens to DCs and simultaneously to dif- 
ferentiate or "mature" the cells to their 
most potent state. These two chal- 
lenges, antigen tatg^ing and DC mat- 
uration, prove to be intertwined. 

Taigeting means that the antigen 
should be in a form that the DGi caa 
recognize. Without such recognition^ 
the ttptake and subsequent prcx;essing 
of antigen to form MHC-peptide com- 
plexes is suboptimaL DCs have a nutn- 
ber of special mechanistns for captur- 
ing antigens and converting these into 
MHC-pcptide complexes (Table H), 
For exatitple, DCs have a receptor 
called DBC-205 whose binding part- 
ners or ligands are still unknown. 
Nonetheless, it is clear that bEC-205 
greatly increases the cafxicity of DCs 
to fonn MHG-pcptide complexes.'* 
DCs also carry out a fascinating 
process called **cross-prcsentation." 
DC!s can take up dying cells and effi- 
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TABl^ H: OENOWmC CELL SPGCIAUZATION TO INCREASE MHC-PEPTIOE 
COMPLEX FORMATION 

• Receptors for antigen uptake, e.g.. OEC-205 

• Processing ot dying ceJls. nonreplicatkig microbes and immune complexes onto MHC class 
I ("cross -presentation") 

• Regulation of antigen processing by maturation stimuli 

« Oustedog of T-ceM receptor figfands witti co-stimutators itke C086 



ciently extract peptides from theni, so 
antigens •'cross" from the dying cell to 
the DC. The discoverers of this phe- 
nomenon calk^ it '^resurrecting the 
dead/'*- Cross-presentation allows 
DCs to efficiently form MHC-peptide 
complexes ftom dead cells in tumors, 
transplants and tissues under autoim- 
mune attack. 

Special uptake and processing 
mechanisms allow DCs to tailor a pro- 
tein antigen, as well as the proteins in 
a complex microbe or tumor cell, into 
peptides that bind to an tndividuars 
MHC pniducts. The latter arc excep- 
tionally polymorphic, differing geneti- 
cally from one individual to another. 
As a result, tkic relevant immunizing 
peptides differ from one individual to 
another. One reason why peptides are 
not ideal immunogeus is that they must 
boindividualt2cd. DCs, in contrast, can 
capture antigens widx high efficiency 
and likewise extract peptides that are 
relevant for any individual. 

A second DC advantage is that 
these cells have the many required 
accessory <H' (x>-stimulatQry properties 
for converting the selected peptides 
("antigens") into effective imtnuno^ 
gens. A third DC advantage is that 
these cells position theinsdves in a 
Way that leads to the identificjition of 
rare antigen-reactive T lyinphocTtes 
vivo (Rg. 2). pCs thus ovcfcottie many 
of the difficuk obstacles in initiating 
immunity. 

In order for an antigen to be a 
strong tnimunogen. otic needs to pro- 
vide a stimulus for the final differenti- 
ation or maturation of the DC^ (Fig, jy 

Most DCs in the body arc in an imma- 
ture state and lack many features that 
lead to a strong T-ccll response. 



Immature OCs, for example, lack the 
CD86 and CD40 molecules that great- 
ly boost the DC-T cell interaction. 
Immature DCs also lack a chemcjkine 
receptor called CGR7 that seems very 
important for proper migratioh and 
homing to lymph nodes to start Immu- 
nity. For canecr immunology, it Is 
unlikely that tumors provide matura- 
tion stimuli. TuuKKs may even block 
DC maturation induced by other stim- 
ulL Therefore it is important to leam 
Iiow to deliver tumor cells to DCs and 
bypass the normal obstacles to effec- 
tive antitumor immunity. 

Suiprising recent evidence actually 
links OC maturation to the efficient 
formation of MHC-peptide complexes 
or TCR ligands (Table If), [mmaturc 
DCs take up antigeas, hut they do not 
hiake abundant MHC-peptide com- 
plexes until they receive a maturation 
^stiraulus.'^'*^ Maturation also up-r^u- 
lates CP86 co-stimulators, hut the 
C0S6 actually travels together with the 
TCR ligands to the surface of the. DCs. 
At tf^ DC surface, the MHC molecules 
and CD86 remain clastcrcd with each 
other, keeping tlie machttiery for T-ccll 
activation juxtaposed. This phenome- 
non will help explain the potency of 
DCs. because TCR ligands and co- 
sttmulatprs are displayed together on 
the cell stirface and in high levels. 

Controi points beyond 
antigen targeting and 
maturation of OCs 

Research on DCs is nK>ving more 
vigorously, because the cells are more 
readily available and because their role 
in the immune system is consideted 
essential. Nonetheless, researchers in 
this field ate just lieginniog to find 
ways to manipulate DCs in situ. 
Putting together an antigen that tai^gets 
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to DCs with a slunulus for DC matura- 
tion will be a major step in improving 
(lie conversion of antigens into 
imnmnogcas. as in immune-based 
therapies against tumors and infectious 
agents. 

Additional cliaJlenges and ques- 
tions are evident; 

• How can DC nutnbcn; be increased 
in situ and how can active DCs be 
mobilized to a cancer or site of 
chronic infection? 

• Can DCs induce strong immune 
memory to make vaccination long 
lasting and effective (we have only 
been reviewing the role of DCs in the 
initiation of immunity)? 

• Can DCs chango the quality of the 
immune response? "Qualily"* refers 
to recent evidence for differcat types 
of DCs, especially a subset that 
induces Thl-type T c^Ils foe resis- 
tance to infectious agents and stmng 
memory, 

• Is it possible to move beyond DC- 
based immunisation .experimenrs 
and use DCs to either regulate or 
tolenze tbk immune system, as fre- 
qucndy required in transplantation 
and autoimmune discase^r? 

• Can DCs influence elements of the 
immune system other than T cells; 
for exantple, B cells and the innate 
defenses provided by natural -killer 
(NK) and NK-T cells? 

The answer to all these questions is 
a pn^iminary "yes.*' As research on 
DGi; expands, mtjrc potential ftinctipns 
aiid more sites for thctr manipulation 
arc becoming apparent 

Dendritic cells and better 
control of disease 

DCs provide important avenues for 
the investigation of human disease. 
Many labs aire exploiting DCs to iden- 
tify antigens relevant for immunity 
against hunnian patliogens. In these 
experiments, one introduces complex 
hut clinicaUy important antigens to 
DCs and then identifies wrfiich compo- 
nents arc best presented to the immune 
system. We haw recently used this 
approach to identify previously un- 
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known immune responses to the 
Epstein-Barr vims/^ a virus wc all 
cany U»at has the [xUenfial to cause 
cancer like Hodgkin\s lymphoma. 
Other laboratoiics have been using 
DCs to idcniify new antigens in other 
infectious agents, in transf^ants and in 
cancers hke melanoma. 

Investigators are also manipulating 
DCs ex vivo and then leinfusing the 
cells to identify conditions leading to 
strong immunity in patients (Fig. 4), In 
particular, DC-niedtated active immu- 
ni/ation against cancer is being vigor- 
ously pursued, as mentioned abovc, 
Inslead of manipulating DCs ex vivo, a 
more desirable goal would be able to 
alter DCs directly m xiiu. Some 
appfoaches arc under way. An example 
Is the injection of cytokines like flt3 
Ugand and GCSF to mobilise various 
precursor populati<»ns «f DCs, One 
should also develop methods to control 
DC mobtliration, migration and matu- 
ration. In sum, DCs arc allowing sci- 
entists to overcome a longstanding 
obstacle to research in immunology by 
extending the playing tleld beyond 
antigens to immunogcns and beyond 
models to pathogens that cause dis- 
ease. 
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Coexpression of two distinct genes is required to generate secreted 
bioactive cytotoxic lymphocyte maturation factor 
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Communicated by John J. Burns, Fcbntary 4, I99f 

ABSTRACT Cytotoxic lymphocyte matorattoa factor 
(CLMF) Is a dlsoiride-tMHHlcd hcterodimeiic jycophokliie that 
(0 acts as a growth factor for actiYafcd T ceils mdepeadciU of 
lotrrieofcia 2 and {U^ syw^axs wtth soboplimal conccatra- 
tioos of InCerteukta 2 to indaoe lyntfibokine^actiyated fcilSer 
ceBs. Wettowrepott(h«doaing«ttd«xpress2oQof botfalmii^ 
CLMF subuiiU cDNAs from a fym^oblastoU B-oeU tiac, 
NC-37, Tbe two suboaits represent two cUstiact and unrelated 
Cene i^xiducts whose mRNAs are coordfoately indoced itpoa 
aictivaltoa of NC-37 cells, Coexpresskra of the two subazut 
cONAs to COS ceUs is oeccssacy for Ihe semtloa of biologlcdf y 
active CLMF; COS cells traosfected with ettticr subooit cONA 
afcmc do not secrete bioactlYe CLMF. Recocobiiiatit CLMF 
expressed ia m a mmaB an cells displays biologic acfiMties es- 
scatiaUy identical to oatural <XMF» and Its activities can be 
nratralized by mooodooa! aottbodics prepared against natural 
<XMF, Sioce thus hcterodutieric protein displays the pn^erties 
of an hitertcakin, we propose that CtMF be gireo the de^- 
natioQ laterleidda 12. 



The molecular cioning and expression of recombinant cyto- 
kines has made possible both significant advances in our 
understanding of the itiptecular basis of immune responses 
and the development of new approaches to the treatment of 
disease states. As an example, recombinant intcdcukia 2 
(recombinant fL-2) has been shown to be cap^lc of causing 
regression of established tumors in both experimental ani- 
mals (1) and in man (2); however, its clinical use has been 
associated with significant toxicity (2). One potential ap- 
proach to improving the therapeutic utility of recombinant 
cytokines is to use them in combination (3, 4>. V^tfa this 
concept in mind, we initiated a seaix^h for novel cytokines 
Ifcat would synergize with suboptimal cbnccntratioas of ixj- 
combinant £L-2 to activate cytotoxic lymphocytes in vUro 
and thus might have synetgistic immunocnhandng effects 
when administered together with recombinant {L-2in vivo. 
This led Co the identification of a factor, designated cytotoxic 
lymphocyte maturation factor (CLMF), that syncrgized with 
recombinant IL-2 to facilitate the generation (^both cyt<Hytic 
T lymphocytes (CTLs) and lymphokine-activated killer 
(LAK) cells in vitro (5. 6), CLMF was subsequently purified 
to homogeneity from a human lymphoblastoid B-cell line 
(NC-37] and was shown to be a 754cDa disulfidc4>onded 
hetcrodimer composed of two subunits with molecular 
masses of 40 kDa and 35 kDa (7)-^ We tww report the 
(holecular doning and expression of CLMF. 
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MATERIALS AND METHODS 

cDNA aonlng. A subline of NC-37 cells selected for iU 
ability to produce high levels of CLMF (7), NC-37,98, was 
induced with photbol 12-ittyristate 13-acetate (PMA) and 
calcium ionophore A23187 for 16 hr. Poly(A)* RNA was 
isolated, and random hexamer-primed cDNA Idnades were 
established in phage AgtlO by standard procedures. Mixed- 
primer polymerase chain reaction (PCR) using controlled 
ramp times C8) was performed as follows. PCR pritners 
contained all possible codons and were 14 or 15 nucleotides 
long (Fig. 1) with a 5' extension of 9 nucleotides containing 
an EcoRl site for subdoning. Degeneracies varied tcota 1 in 
32 to I in 4096; 0.5-4 pmol per permutation of forward and 
reverse primer was used in a 50- to 100-fd PCR mixture with 
40 ng of cDNA made from NC-37,98 cells that had been 
activated by culture with 10 ng of PMA and 25 ng of calcium 
ionophore A23187 per ml for 16 hr (40-kDa $ubunit) with 
3 /ig of human genomic DN A (35-kDa subunit). PCR cycling 
parameters were as follows, tiiitial denaturaU'on was at 95X1 
for 7 min. Low-stringency annealing was. performed by 
cooling to 3TC over 2 min, incubating 2 min at yj*C,. heating 
to TTX: over 2.5 min, extending at 72"C for 1.5 min. heating 
to 95''C over I min. and deiiiatunng at 95X: for 1 min. This 
cycle was repeated once. Thirty standard cycles (40-kDa 
subunit) or 40 standard cycles 05-kDa subunit) were per- 
formed as folk>ws: 95X: for 1 min, 55'C for 2 min, and TTC 
for 2 min. Final extension was at 72**C for 10 tnin* /'Ainpli- 
cons'' of the expected size were gel-purified, subcloned, and 
sequenced. The 40-kDa subunit cDNAs were isdated by 
hybridizing the 54-mer amplicon in 5x SSC (Ix SSC == 0,15 
M NaCI/0.0l5 M sodium dtrate, pH 7) containing 20% 
foroiamide at 37X1 overnight Filters were washed tn 2 x SSC 
at 42*C for 30 min and exposed to x-ray film. Th< i54j>a 
stibtinit cDNAs were isolated by hybddizifig ttw 51-mer 
ampiicoo iti 5x SSC/20%fofm3uhide at 37<;6veaiighL The 
filters were washed in 2x SSGat 40^ for30 nun and exposed 
to x-ray film. Positive clones were plaque-purified, their 
inserts were, subdoncd into the pBluescript plasmtd. and 
their sequences were determiaed by tisiog Sequenase. 

E^essibo. cDNAs were separately et^neered forcxptes- 
sion in vectors containing the simian vims 40 eariy [MXHtiotbr 
essentially as described (9). COS cells were transfected with 
both GLMF subunit expression plasmids mixed together or 

Abbreviations; CLMF. cytotoxic lymphocyte nuturatloo ^or. 
KXMF and oCLMF. recombtnant and natural CLMFs; ClTL, cy- 
tolytic T lymphocyte: IL, kitcricukin; LAK, fyraphokine-acu'vatod 
laflcn PHA, phytdhcmagglatinin; PMA, pfaocbol U-myristate 13- 
acctatc: n, natural; PCR, polymerase chain teactUm. 
Ho whom r^nt requests should be addtcssed. 
rrhc cON A sequences reported in this paper have been deposited in 

the Ocnbank data base laccessioo nos, M3«443 (35-kDa CLMF 

subunit) and M38444 (404J)a CLMF subunit)! 
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I HCHQQLVISW FSLVFIASPL VAIWEUOCDV YWELDWYPD APGEMWLTC 

51 DTPEEDGITU TLDQSSEVLG SGKTLTIQVK EFGDAGQ\JTG HKGGEVLSHS 

LOl LLLLHKKEDG ItfSTDIUOXi KEPKNKTFLR CEAKNYSGRF TCWWLTTIST 

151 DLTFiSVKSSR GSSDPQGVTC GAATLSAERV RGONKEYEYS VECQEDSACP 

* 201 AAEESLPIEV HVDAVHKLKY ENYTSSFFIR DIIKPDPPKN LQLKPLKNSR 

251 QVEVSWEYPO TWSTPHSYFS LTFGVQVQGK SKREKKDRVF TDKTSATVIC 

301 RKNASISVRA QDRYYSSSWS EWASVPCS 



F(0. li' Aoiiao acid sequeaces of the }54cOa iVpfteri and 4<WcDa (Cow^r) CLMF subunUs as deduced from (he respective cON As and shown 
in stogk-lctter code. Signal pcptklcs arc ovcdiaed, cysteine residues are marked by a caret, and N-ttnked glycosyiatipn sites (NXS, NXT. where 
X is another aouoo acid) are underlined. The peptide sequences used to generate PGR probeis are oveiiincd with arrows indicating the direction 
of ainplificatioa. 



with each one separatc(y by the DEAE-dextran method, 
Twenty^four hours after transfection, the seruhvcoaCataiag 
mediuin. was replaced with mediutn contaiaing 1% Kutrl- 
doaia*SP (Boehntiger Mannhetm), and supernatant fluids 
were collected from the cultures after 40 hr. These fluids were 
stofcd ait 4X1 until tested in the bioassays. 

Oeneral Methods* Standard molecular biol<^gical proce* 
dures were itsed as described (10). CLMF bioassays were 
perfonned as detailed (7). 

Gomputer Searches. The National Biomedical Research 
Fotmdation proteiti data base (Release 26.0) as well as the 
Ocabank and European Molecular Btotpgy Laboratory da- 
lat^ases (Releases 65.0 and 24-0, rcspcctiveiy) were searched 
for sequences homologous to CLMF cDNAs. The two sub- 
unit sequences were compared to each other using the augn 
program (mutation data matrix, break penalty of 6; see ref. 
ID- 
RESULTS 

Partial N-^erminal anuno acid sequences of the two CLMF 
sufotmits (7) were used to generate completely defined 51- to 
54-basc*pair OipHong dtgpnucleotide probes by means of 
mixed primer PCR, These probes were used to screen cONA 
libraries made from RNA fkx>m activated NC-37,98 cells, and 
gDNAs encoding the two st^bunits were ist^ated and char* 
actenzcd. Both cDNAs encckle secreted prcrteins with a 
classical hydrophobic M-terminal signal peptide immediately 
fc^owcd by the N terminus of the inaturc protdti as deter- 
mined by ptxKeia scquenciog (7), Two indeptendent d)NA 
clones for the 40-lcDa subunit were shown to be idehtical. 
Both encode the mature 404cOa subunit (hat is composed of 
306 amino acids (calculated = 34,699) and contains tO 
cysteine residues and four potential N-linked glycosytation 
sites (Fig. l). Two of these sites arc within isolated trypdc 
peptides derived from the purified 40-kOa CLMF subunit 
ITOtcin; Amino acid sequence analysis has shown that Asn- 



222 is glycosylated, whereas Asn-125 is not (Fig. I; F, 
Podlaski, personal communication). The mature 35-kDa sub- 
unit is composed of 197 amino acids (calculated A4r =^ 22,513), 
with 7 cysteine residues and three potential N4inked glyco- 
sytation sites (Fig. 1). When purified CLMF is reduced with 
2-mercaptoethanol and analyzed by SDS/PAGE, the 35'icDa 
subunit appears to be heterogeneous, suggesting that it may 
be heayily glycosylated (7), Two variants of 35-ld>a subunit- 
encoding cDNAs were isolated. The first type had the 
sequence shown in Fig. L Additional isolates contained what 
is probably an allelic variation, replacing Thr*213 with a 
methionine residue. 

Computer searches of sequence databases showed that the 
amino acid sequences of the two subunits are not related to 
any ktiown protein. The subunit sequences arc also not 
related to each other, siace a comparison using the augn 
program (11) gave a score of 1.27; only scores >3 arc 
considered to indicate significant evolutionary, relatiotishtp 
(12). The genes encddtog the sufauciits appear to be unik]ue, 
since low- and high-stringency hybridizations of genotnic 
blots revealed identical banding {mttems (data not shown). 
RiNA biots showed the size of the 40-kDa subunit mRNA to 
be 2.4 kfo, whereas the 35TkDa subtmit was encoded by a 
1.4^b transcript (Fig. 2). Expression of the two mRNAs 
encoding the subunits lyas coordinately regulated upon in- 
duction (Fig. 2). When NC-37.98 cells were activated with 
PMA and calctum iooophore for 72 hr, mRNA encoding each 
of the CLMF subunits was minimally detectable at 6 hr after 
the beginning of induction btit was readily detected at 24 hr 
and cootinued to accumulate until maximal levels were 
reached at 72 hr (nonnal'ized to GAPPH mRNA levels; sec 
the legend to Figi 2). In contrast, the mRiHA for IL-2 in 
activated NC-37.98 cells was ahicady at high levels at 6 hr and 
subsequently decreased, whereas the mRNAs for the low- 
affinity IL-2 receptor (p55) followed the induction pattern 
seen for the CLMF subunits. Scanning of RNA blots also 
revesded that steady-state mRNA levels for the 40-kDa 
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^c^!S' showing ihc coofxlmate ioductioa of the 

35*0a<A) and 4Q4cOa W CXMF subuoH oiRNAs and 1U2 mRNA 
^i^^ receptor mRNA (O). Poly(A)* RNA (5 from 
ccfls acuvatcd with 10 ng of PMA and 25 ng <rfcaJchim 
Kw^borc A13187 pcrml wens loaded in each lane. Lanes frcrni left 
to rtgirt m each panel show RN As ts<rfaccd6, 24. 30, «. and 72 hr after 
UKiuctfoa. ccspoctively. {Vpp^ti Four^y exposures. CL<w^)Two- 

^ *!Sfi^tr^ rtripjMng and rchybriditatioa 

wrth a GAPOH probe. Marker sizes are ia fcb (BRL RNA ladder). 

CLMF subunit were scveralfold higher than those for the 
35-lcDa subunlt expressed by the same cells. This finding 
parallels the observadon that activated NC-37 ceils secrete 
excess free 40-kDa subunit protein (7). The 3' untranslated 
sequences of both CLMF subunk mRNAs contain sevctal 
copies of the octamer motif TTATTTAT (data not shown). 
TOs sequence is present in other transiently expcessed 
mRNAs and is involved In reguladng mRNA stability (13) 

Cocxprcssion of the 4(Mc0a and 354J)a CLMF subunit 
cDnAs in COS ceils was required to generate secreted 
biologically active CLMF fTaWe 1 and Fig. 3). COS ccfb 
traosfected with, cDNA encoding cither the 4(>-kDa subuiiit 
atone or the 35-kDa subunit alone did not seo*^ btologtcaUy 
acuve (XMF (Table 1), Mixing media con(fitioned by COS 

TaWe I. Coexprcssioa of both CLMF subunit 
active CLMF by COS ccfls 



cells that had been scparalcty transfectcd with one or the 
other of the two CLMF subunit cDNAs also did not give rise 
to bioactivc CLMF (Table 1), 

Two types of assays were used to compare fCLMF and 
nCLMF. The first assay measures the proUferation of phy- 
tohemagg^uttnin (PHA)-acUvatcd human peripheral blood 
lymphocytes, whereas the second assay evaluates the syn- 
ctgy between CXMF and suboptiraal concentrations oif IL-2 
in the generation of LAK cefls in hydrocortisonc-containing 
cultures (7), The data in Fig. 3 show that rCLMF as expressed 
ifl COS ceils aiid nCLMF as purified from UO-Xf cells are 
essentially identical; Dose-response curves for cCLMF and 
0CI.MF were superimposaMe in each of the two assays, and 
rCLMF was neutralized by a oioaodonal antibody raised 
against nCLMF, Conditioned media from cultures of mock- 
transfected COS cells displayed no activity in these assays 
(Table 1 and data not shown). 

DISCUSSION 

fa a previous report (7). wc described the purification of a 
heterodimcric cytokine. (XMF, that synef^'zed with low 
amounts of IL-2 to cause d»e generation of LAK cells in the 
presence of hydroccKtisone and stimulated the pro&feration 
of activated T cdls independent of IL-2. In the present 
report, we have used the N-terminal amino add sequence 
information previously obtained to clone the two subunit 
cDNAs of CLMF, Protein purification of NC-37 cell line- 
derived CLMF had shown that the protein was composed of 
two disttlfide^KHided subuniu with ditferent K-terminal 
amino acid sequences (7). However, it was not clear from our 
previous results whrthcr the two subunits were processed 
from one conunon gene prodiict and whether proteolytic 
posttcanslational processing other than signal peptide <deav- 
agc was occurring. The molecular cloning and sequencing of 

cONAs is required for socrctiod of biologtcalty 




Addftioa 

Cytokine* 
None 
nCLMF 
dCLMF 
nCLMF 
nCLMF 

(iiluire fluid from COSccUs transfectcd with 

A, 35-kOa CLMF subunit cDNA 

B, 4a^kl>a CLMF subuait cDNA 

C 35-kDa + 4(Ma>a CLMF subunit cONAs 
1:1 mix of culture fluids A and B 
CM Crom modc-traosfected contra!^ 



rHIThymtdine 
incarpofatcd by 
PUA-activatcd 
lyoiphoblasts, mean 
cpoi + I SEM 



200 
40 
8 



1.6 



1:20 

1:100 

1:20 

1:100 

1:20 

1:100 

1:10^ 

1:50 

1:20 

1:100 



11.744 ± 514 
± g78 

48.827 ±605 

26.828 ± 594 
17.941 3t 196 

11.912 a: 660 
10,876 ± 232 
11,699 ±931 
11.666 ± 469 
58.6U a: 587 
3«.361 + 828 
11.544 2: 483 
10*503 ± 759 
11.503 ± 7S6 
10.751 + 303 



dl^&^iTjJ!!^^ ^^^^ ^ peripheral blood mononudcar ccfls as 

rJ^il^ LynylH^last jKoliferaUon was measured ia a 48^ assay (7) ia which 2 x 10< 

u!^^ the indicated aioL^ of oatuj Culfr 

<^c!?S^<SS^ f'Hiniymidine was added to each ccdture 18 hr prior to harvest 

•nCLMF is purified KC-37-dcrived CLMF. 

S^Si^^^^'iSS:."'"'^ fluid, A «Kl B wa. cmvdeat .o a 1:20 fi^J d.ludo„ of c^ch 
kJawliOoocd OMMluiro (CM) fix>in oUcui« 
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. Fi<3. 3. Cooifncisoa of biologic acCiviUeis of vClMP ^ 
rocoaifauianC CLMF (KXMF. sqUai^s). oCLMP was purified fixrai 

i6ofafrom<Mtture$ofOQiSccfetirari^ 

4<Mi>a and 354dQa tuichao CU^F suitnKBU. {Ofi/^ T-<x8 ^iawlh 
facbar assay. Tbe irf^^CXMF to stunolate Che ptdSfoiSion of 
fcumaa PHA^acthrated lynt|>bablasts in 4$4x ojAturcs vras assayed as 
deacsribcd (7). CLMP fKcpafBtioics were ouxied with a«(itnt&zmg ral 
moaodboal aaU-htcmao CtMPaotdiody 4Ai (ixC 7: opca syatbob)or 
wirti oornnal IgG (Sigma; r(& dosod syinU^^ 
of 20 of IgQ/aU aod were laci^batod for 30 nun at 37Yj pcior to 
addiUoa of PHA blasts. All values aie (tteans of triplicate deternsaa- 
tioas. {Lowa) LAK ccfl inductkra assay. The abdky of CLt^, atoae 
or in oocnbtoatioQ with recond^iant lUZi to niduoc the geoeracipa of 
LAK cefls in 4-day cuhures Wai aaa cs sed as descr^}ed (7)- taw-dcos^ 
penpiieral Mood lyaiplKicytes were incubated ia tbe pfiescaceof vanoas 
aoKMats of aCXMF<x-fCLMF w^ (closed syn^kds) or wltfiottf (open 
symbols) iccpoibiaaat ILrl at 715 Urats/ndl Umts of QMP activky 
were. based <m previotts. tcCraikms m the T-c^ gro^vih iacUst: assay. 
Hydn>oortcs(Kie sodium succtnate (Stgma) was in^udod al a coooeiH 
(ratioa of Oil mM to ounianze toggeriog: <^ cnddgeoous cyixAdoc 
cascades. Lysts of ^H>-labcled Oaudt cc8s was assessed at an cfkctor/ 
tariget ratioof 5:L Thcdatasfaowa represent the aicans <tf quadnipCcaic 
dc{emunau<ras. The sptatancous ^'O release was 20%. 



the corrcspondtng cDNAs now has demonstrated that there 
is no commoa precursor for the two CLMF subunits; rather, 
they arc encoded by completely different genes. The pre- 
dicted and actual amino acid composition for the two sub- 
units arc strikingly similar; differences in predicted versus 
actual molecular weights arc accounted for by glycosylattoa 
(F. Podlaski, pcr^ooal communication). Thus, the only major 
posttranslatkMial proteolytic event that appears to take place 
in the maturation of the CLMF subuntts is signal peptide 
cleavage. 

The kinetics of expression of the individual CLMF subuoit 
mRNAs were examined and compared to the expression of 
mRNAs for iV-t acid the IL-2 rccqptor pS5. Previously it had 
been observed that NC*37 cells y tike certain murine (14) and 
manhdsct (15) B-cell lines ; secreted IL-2 when activated 
(M.K.O., unpublished results). RNA blots demonstrated that 
upon activation of NC-37 cells; both CLMF subunit mRKAs 
were coordinately induced with kinetics similar to the CL-2 
receptor (p55) niRKAs. On the other haiid, IL'2 inRNA 
levels peaked much earlier. Similar differences in induction 
kinetics were also seen at the Icvd of fL^l and CLlilF 
bioactivtty secreted firom NC'37 cefls (M.K.G:. unpublished 
data). These kinetic differences are consistent with our 
previous observation that in a cytolytic lymphocyte re- 
sponse, ILr2 appears to act earlier than (TLMF (5). 

Transfection studies with (X>S cells established that only 
coexprcssion of both »ibunit cDNAs gives rise to secreted 
bioacdve (XMF, Thus, it appears that the two proteins have 
to interact within the endoplasmic reticidum to assemble 
property into bioactive secreted CLMF. By comparing the 
activity of iCLMF to that of nCLMF in the T-oell growth 
factor and LAK cell induction assays (Fig, 3) and assuming 
that the specific activity of rCLMF is similar to that of 
nCLMF (is X 10^ units/mg (7)], we esticnate that the amount 
of r<XMF hetcrodtmer produced, in these expcdoieats was 
5-50 ng/ml. The fiading that COS cells, which are flbroblast- 
like cells, are able to assemble correctly the two CLMF 
subunits to fortn bioaucti ve CLMF indicates that this secretion 
and processing pattern is not liniited to cells of the lyn^hoid 
lineage. 

Western blot analysis using an anti-CLMF antibody spe- 
cific for the 40-kDa subtuiic has allowed confirmauoa that (0 
COS cells tiansfected with both CLMF subunit c£)NAs 
secrete Cl-MF with the expected heterodimeric structure and 
Hi) COS cells transfected with the 40-kDa subunit cDNA 
alone secrete that isubunit (F. Podlaski, personal communi- 
cation). Since no bioactivtty was detected in media coiidi- 
tioned by COS pells transfected with only the 4(>-kDa subunit, 
that subumt by itself appears cither to have a mudi reduced 
spectftc activity cocnpauhed with heterodi medc €!LMF or to be 
completely inactive. 

Because of the bck of a high-afftnity antibody specific i<k 
the 354cDa subunit, we.have not yet been able to detentilae 
defuiitivdy whether COS cells transfected with only the 
35-kOa subtmit cDNA secrete that subunit. Since no bioac^ 
tivity was detected in the media, secretion of a btoadtive 
35-kDa subunit by itself could be very ineffictent; alterna- 
tively, similar to the 40-kpa subunit, the protein could be 
much less iactive or inactive altogether. Intracellular 35-kDa 
protein in the absence of the oth^ subunit could be inherently 
tmstable; there is precedence for this phettomenon, since it 
has been reported that 90% of the ^ chains of lutroptn (LH), 
when expressed in the absence of a chains, are retaiaed in the 
endoplasmic rettculum'and are slowly degiaded (16). Simple 
mixing of media conditioned by COS cells transfected sep- 
arately with either one of the two CLMF subunit cONAs did 
not yield bioactive CLMF. One possible explanation wotdd 
be that the cells do not secrete the 3S-kI>a CLMF subunit by 
itself. More likdy, our experimented conditions did not allow 
proper hcterodimer formation. One would expect that only 
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carcluUy controlled rcaaturatioa and oxidation condittons 
would allow the disulfide bond formation required for gen- 
eration of btoactive CLMF, 

Normal human peripheral blood lymphocytes under the 
appropriate induction conditions produce both CLMF sub- 
unit oiRNAs and secrete the active protein (N,N, and 
M.K.G., unpublished data). There is sonic eWdcnce suggest- 
ing that CLMF is produced predotniiiandy by B cells. In 
preliminary expenoteats, B-cell mitogens have appeared to 
be mote effective than T-ceUjnitogens in eliciting CLMF 
pFoductioa from peripheral blood lymphocytes (M,K-G,, 
unpublished results). When screening human cell lines for 
th^r ability to produce CLMF activity (7), we observed that 
four of ei^t B-cell lines tested produced CLMF after acti- 
vatfon with PMA and calcium lonophore, whereas none of 
Gvc T-cell lines produced CLMF, NcvertheieM, three of 
these T<eU Hnes secreted large amounts of lL-2 and tumor 
necrosis factor activity after activation <M.K,G., unpub- 
lished results). Ukewise. natuial Mlcrcell stimulatory &ctor 
(KKSF), a heterodimedc cytokine simflar or identical to 
CLMF, was Isolated from RPMr8866 lymphoblas 
(17), A recent report (18) has indicated that B lyimphocytcs 
can secrete a cyt6kine(s) distinct from lL-2 that CacHttatcs 
virus-spccilic cytolytfc T-tymphocyte responses. It is possi- 
ble diat CLMF may have been the cytokine active in those 
studies. Thus. aithou£^ 6 lymphocytes have not tradttionaliy 
' been viewed as cytokine-produdng helper cdls, tt is con- 
ceivable that CLMF production constitutes a novel mecha- 
nism whereby B lymphocytes contribute to the amplification 
of T4ymphocyte responses. In addition to the biologic ac- 
tivities described in this report, CLMF by itself has been 
shown (0 to activate NK cells in an 18-22 hr assay, (/r) to 
6)ciUtate the generation of specific allogeneic GTL re- 
sponses, and (ra) to stimulate the secretion of y interferon by 
resting peripheral l^ood lymphocytes (M.fC.G., unpublished 
results). It can also syoergize wtdi low concentrations of 
recombinant IL-2 in the latter two assays artd in causing the 
proliferation of resting peripheral blood lymphocytes, in 
view of its pn>duction by peripheral blood lymphocytes and 
its diverse actions on lymphoid cells, it appears that CLMF 
constitutes a new interieukin. We propose that CLMF be 
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given the provisional designation fLr-l2. The availability of 
rccond^inant CLMF wilt now make possible a broader and 
more detailed characterization of its biology . 
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Immunization With Melan-A Peptide-Pulsed Peripheral Blood 
Mononuclear Cells Plus Recombinant Human Interleukin 12 
Induces Clinical Activity and T-Cell Responses in 

Advanced IVfelanoma 



By Amy C. Peterson, Helena Hadin, and TWias F. Gajewdci 



Pifrpose: Preclinical studies showed that immunfraHoa 
with f>enpheral blood mononuclear ceU$ (PBMC) loaded 
with tumor antigen peptides plus mteHeulcin-l2 (IL-n) in- 
duced COS^ T-cell responses and tumor r^ecHon. We re- 
ceotly determined that recombinant human (rh) IL-1 2 at 30 
to 100 ng/kg is effective as a vaccine adjuvant in patients. A 
phase If sHtdy of immunization with Melan-A peptide- 
pulsed PBMC + Hin.-12 was conducted in 20 potients with 
odvanced mefanooKi. 

PaHettfs and Methods^ Patients were HlA-A2-posittve 
and had documented Melan«A expression, tnimunization 
was pefformed every 3 weeks with cUnical re^^ahiotion 
every three cycles. Immune responses were measured by 
BJSpot assay before ofid after treatment and through the 
first three cydes, and were correloted with clinical ouK»me. 

Es1m!W Wost patients had recced prior therapy and had 
visceral metastases. Nonetheless, two patients achieved o 



complete response, five patients achieved a minor or mixed 
response, ond four patients had stoble disease. The median 
survival was 12.25 cnonths far oil patients and was not yet 
reached for those with a normal lactate dehydrogenase* There 
were no gmde 3 or 4 toxicities. Measurement of specific COS* 
T-cefl responses by direct ex vivo EUSpot revealed o signifkant 
increase in interferon gammo-producing T cells against 
Mekin-A (P = w015| after voccinatton, but not ogainst an 
Epstein-Banr virus conttx>l peptide (P .86), Ihere was a 
correlation between the magnitude of the increase in Mefact- 
A-speccfic cefis and dit^col response (P = <X>46}. 

Condusioa: This immunixation approach may be more 
straightforword than dendritic cell strategies and seems 
to hove clinical activity that can be correlated to a biologic 
end point. . 

J Clin Oacol 2Tj2342-234S, © 2003 by AmerUaa 
Society of CUnical Oncology. 



MOST MELANOMA tumors express aatigens diat can be 
recognized by CDS'- T cells.'-^ Nonetheless, tumors 
frequently escape immune destmction, either from a ^lure to 
generate an optimal tumor antigen-specific T-cell response or 
from development of resistance to the T-cell response induced- 
One strategy to overcome the former hurdle is through active 
immunization, the opportunity for which has been facilitated by 
the molecular definition of melanoma antigens,^ Specific CD8^ 
T cells that are properly activated can home to tumor sites and 
kill tumor cells, to the extent to which they can overcome 
negative immunoregulatory pathways and tumor resistance.'* 

The optimal immunization strategy for inducing tumor 
antigen-specific GDS^ effector T cells in humans remains 
undefined. However, antigen-presenting cell-based strategics 
have shown promise. Bodt monpcyte-dcrived^ * and bone mar- 
row-derived^ dendritic cells (DCs) have been loaded widi 
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melanoma tumor antigens and administered in the . advanced- 
disease setting, with evidence for immunization and tumor 
regression in subsets of patients. However, DCs are cumbersome 
to generate and alternative approaches that arc nk>re straightfor- 
ward yet equally as effective would be uscfiil. One colactor 
produced by DCs that contributes to thek efficacy is interleu- 
kin- 12 (IL-12). which facilitates the induction of interferon 
gamma {lFN-y)-pa)ducing cytolytic effector cells.*"'** Endoge* 
nous IL-12 seems necessary for optimal rejection of immuno- 
genic murine tumors**'*^ and provision of exogenous fL-12, 
cither alone" or combined with tumor antigen-based vac- 



cines, can induce rejection of pre-establiiiied tumors in 
murine models. We previously have shown that coadministration 
of fL-12 with peripheral blood mononuclear cells (PBMGs) 
leaded with tumor antigen peptides induced specific cytolytic 
T4yriiphocyte responses and tumor protection in mice, cirx^im- 
venting the need to geherate dendritic ccUs.^ The ease by which 
PBMC can be isolated firom patients has made this an attractive 
approadi for clinical translation. We recently conducted a phase 
f clinical study to determine the dose of recombinant human (rh) 
iL-12 necessary to induce T-cell responses in combination with 
antigen4Qaded PBMCs, and found that doses fiom 30 to 100' 
ng/kg administered subcutaneously (sc) at the vaccine site were 
optimal and well tolOTted,'* The . effective range of doses 
indicated that a straight dose of 4 )xg might be used. 

In diis article, we describe results of a phase H clinical study 
of immunization with Mclan- A/MART- P peptide-pulsed autol- 
ogous PBMCs + rhIL-12 in HLA-A2-positive patients with 
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advanced melanoma. Immune responses were analyzjed using a 
direct ex vivo ELlSpot assay. We show that this vaccine 
approach had clinical activity and that the magnitude of in- 
creased T-cell response correlated with clinical outcome. 

PATIENTS AND METHODS 

Patient Enrollment and Eligibility 

This was an o{>ea-Ubel. tioofandomtzed, stogle-iastitutioa study of 
Mehm-A pqmdc-pulsed autologous PBMCs + chtL-Ii.* The pcxHocot was 
approved by the Uacvcrsity of Chicago Imtitutioaal Rjeview Board aad aU 
.patieats signed writtea tnfomiod consent Paticiits wtio were both HLA-A2- 
poaitive and showed Melan-A tumor expresstoa by reverse transcriptase 
polymerase chain reactioa (RT-PCR) were considered for iaclusion. Addi- 
■ tioaal ioclusioa criteria were lift cxpectaacy more than 12 weeks. Kanio&ky 
pcffbcmaoce status ^70, and adequate hettiatopoietsc, renal, acd hepatic 
6unctioa. Delayed-type hypecsensitivicy <DTH) skin testtog was performed 
against nnuiips, Candida, atid THchaphyHin, not for eltgibiU^ bcu to cocreUte 
sid>sequently with <dinical outcocoe and tmcnuntzation potentia]. Patients 
were excluded if they had severe cardiovascular disease or arthydunu, were 
pregnane or Bursti^ had biotogK; dicrapy received widiin 4 vwdcs, tested 
posidvc for hepatitis 6 surface antigen or human tmmunodeficiertcy virus 
{HIV)> bad dintcally signiticant autoimmuac disease or any illness requiring 
ioiraunosi^^cssivc therapy, had a psychiatric illoess diat would iiuerfere 
with padent compltancc and informed consent, had active gastioiotcstinal 
Ueedtng or uncontrolled pq»tic ulcer disease, or had uncoatioHed bram 
metastases. Patients with treated bnin metastases who were dtnically and 
radiographically stable and did not require corticosteroids were allowed to 
enter onto (he trial. 

Patient Characteristics 

Twen^ patients with metastatic mdanoma were enrolled after giving 
writtea mf<xmed cooseot. Patient characteristics arc outlined In Tabic 1. All 
patients hsid. advanced disease; the majon'ty had at least three sites of 
metastasis. 60% of which were visceral (le^ nocK^Kancous and noopuloioaary 
metastases). Approxunatdy two thirds of die palieots had received prior 
theiapy« and 10 patients had an elevated taictate dchydrogcaasc (LDH) level, 
which is an icnportant a<^ative prognostic tactor^^ Only 45% were positive 
for at feast -one rec^l antigen (muttips, Caadida, or JYichophytin) by DTH 
£kin testing. 

RT'PCR Analysis 

RNA was isolated from fresh tumor cells using guanidine and cesium 
cfaloridccDNA was synthesized and KR. was perfornted for Melan-A 
and beta-acUa using dw primer pairs and reaction conditions described 
previously.'^ Control reactions, without rever^ transcriptase were per- 
focmed to rule out a contribution of gcoomic ON A. PCR pn>du<^ were 
visualised using a 1,5% cdiidium brotaide-staincd agarose gel. No formal 
qoantitatiod was perfomtcd. 

Vaccine Preparatiqn 

Therapy consisted iHitially of throe 21 -day cycles. Vaccinations were 
given on the first day of each cycle and rhlt^l2 was admioistcred subcuta- 
nebusly on days 1, 3^ and 5. Approximately 100 to 150 mL of peri{diecal 
blood trom patients was collected on day 1 of cadi cycle into heparinized 
syrifigcs using sterile . technique. PBMCs were isolated oyer a 
Lymphopr^ gradiott (Lyntf^ioprcp; Axis-Shield PoC, Oslo, Norway), 
counted, washed, and resuspcndcd in Ou|bccco*s phosphatc-butfcrcd saline 
(OPBS)at40 X IO*ccllsML Atleast 10 X 10* cells from each sample were 
ctyopreservcd to prepare COS *' and CDS ~ fractions for subsequent correl- 
ative immunologic studies. The Mclan-A„_jj peptide (^GIGfLTV) was 
pcodu<:»d according £o good manu&cturing practice standards by Multiple 
Peptide Systems (San Diego, CA) and provided in ly<^>failLz:ed vials. Afiqttob 
of peptide were prepared at 5 tmnol/L in ditnetfayi sulfoxide and stored at 
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foSents (n ^ 201 

Pokcnl Choracleflstic No. 



Age, yean 

Mecfion 58 

Range 35-79 
Sex 

Mde 9 45 

Femole M 55 

Kamalsky pedionnonce statm (ECOG] 

90%-l00%(<^ 10 50 

70%-80%ni ^ -45 

60^-70% (21 I 5 

tvlo. <A mefodotic sites 

1 2 \Q 

2 None 

^ 18 90 

lopotfion of mefosfcnes 

Visceral ^ 13 65 

Bratci (iRsaledi 4 20 

PHortherc^ 

Ndne 6 30 

tiKefnotfierapy or imnxjrvilKcrcipy 7 35 

As Cfcky poor ikvoojp/ 5 25 

Chefnofherapy 1 5 

As only prior fherc^ 1 5 

IntmwKiiherapy ^ 20 

As only pnor iHercpy 1 5 

O^ 2 10 

As only pfipr therapy None 

AjfyjwritiFtia 5 25 

As only prior tfiefopy 3 15 

aerafadlDH 10 50 

OTH feooll positive 9 45 



Allegations; ECOG, Eastern Cooperativq Oncology Croup; IFN-a, tttferferon 
ol£cr'2b; IDH, tckrte dofydrogwosc; DIH delayed-lypo hypersensiftvity. 

*£}eperifnenla( tfierapy other than a m^anama vacdne, immunomodulaiary 
cylcil<jne, or dwnnofhercqyy. 

—80^ for up to 3 niooihs. Peptide prqxarations were quality controlled for 
HLA-A2 liinding, sterility, and identity by high-performance liquid chroma- 
tography and mass spectrometry. An ali^ot of peptide was dihited to 20 
^imoUL in DPBS atid tnixcd with an equal voltunc of patient PBMCs (final 
peptide concentration, 10 fintol/L; target number of PBMCs, 10^} followed 
by incubation at 37^ for ] hour in 10 mL DPBS. the cells were then 
irradiated <20<ly)^ washed in E>PBS, and rcsu^»caded iii I mL DPBS. The 
suspeostoa of p^itide-lc^aded PBMCs was injected sc usii^ a i-mL syrioge 
and a 2 1 -gauge needle, divided evenly imo two sites. Preferred sites were 
those near draining lymph node basins but not near a tumor mass. The actual 
number of PBMCs administered per vaccine ranged from 78 to 100 X 10^. 

thlL-12 was provided by Genetics institute (Cambridge, MA) as a 
lyof^ilizcd powder of 10 /tg under vacuum. Bach vial was intended for 
single use only and was stored as a powder in our research pharmacy at 2 to 
8^C until reconstituted with tfcrilc water for iajcction. Oocc rcconstitutod^ 
rhIL-12 was loaded mco l-fAL syringes and used within 4 hours. dtlL-12 (4 
pg) was administered sc with a 25'gauge needle Just after pulsed PBMC 
inoculation aiwl tmmecfiatcly adjacent to one of die two tmmiuuzati<Ki sites 
on days L 3, and 5. The same approximate location was used for each 
injection of pq^de-pulscd PBMCs and riiIL-12 for each cyde. 

Toxicity Assessment and Criteria for (finical Response 

Toxicities were determiaed using the Kationai Cancer (ostitute common 
toxicity criteria scale version 2.0. A cdcnplctc response (CR) was assigned if 
there was disappearance of all lesions without the a^»carancc of any new 
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Icsioas; a parttaj response (PR) was dcfiacd as ^ 50% reduction in cou( 
(umoc volume; a minor ccspposc (MR) was ae^ned as less tfua 50% 
reductioa in total tumor volume; progressve disease (PO) was assigned if 
new lesions appcaosd, any fumoc reappeared, or if a 25% increase in tumor 
area was ohscrved; a mixed response was assigned if at least one tumor 
decreased in size with other or new Cumob growing; stable disease (SO) was 
anything that did not fit the aforementioned criteria. When possible, 
cutaneous lesions were photographed. 

CO** T^l Preparation 

CXW'*' and CD8~ (ractioas from PBMC wctc isolated at the time of 
prepantioo of each vaccine and ccyopresecved untS analysis in batch 
&shioo. C08* T lymphocytes were isolated by positive selection using CDS 
mccrobeads and mag;actic columns (MACS system; Kfiltenyt Biotech, 
Auburn. CA). The unbound CD8~ fbactum was ctyopfescrvcd foe use as 
antigesa^prcscnting cells for in vitro expansion of specific CDS* T ocUs. 
Although the primacy EUSpot analysis was perfoancd directly with thawed 
cells, a secondacy assay was cacried out after in vitro expansion. For in 
vitro expanstoo, C08~ cells were thawed from each time point and pooled, 
pulsed with 50 mhioI/L Kfclan-A peptide in seium-fiee {scove's modified 
Oulbcoco's medium (IMDM) widi bcta^-ui icroglobul in, itradiatod (3,000 
rad), wadied. and plated at 2 X 10* oeUsA((«tl in 24-wef! jdates. OM* Tcdls 
were thawed and cuftiaod wifli (be ma<fiaicd CDS" celia at 4 X 10* cdbAiveU 
in (MOM medium containing 10% human AB serum. After 5 days, tfie cells 
wececollecccd and plated with a new batch of Melaa-A-pulsed amdtaied CDS" 
cicBs. After an additional 5 days the odis were collectod and tested. 



Tcdilc 2. Adverse Events 



ELfSpot Assays 

Briefly, 96-wcll membcaae bottomed plates (MAilA S4510; Millipore. 
Bedford, MA) were coated witfi 15 pig/mL of antihuman fFM-y antibody 
(Mabtcch. andnnati, OH) in PBS. The plates wcce washed and CDS*^ T 
cdU, either freshly (hawed at 5 X (0^ cells/well or after in vitro cxpansioo 
at 5 X 10* ccUs/well, wcce plated in triplicate in IMDM medium with 10% 
human AB scrum. T2 cells (transporter associated witb antiecn ptpccssit^- 
deadent cell rwc, American Type Culture CollocCfoo no. CRI 1992) wece 
pulsed fijr 1 hour at ar'C with 50 |xmol/L peptide (either deri 
(ILKEPVlfOVl, Epstcin-BofT virus (EBY; GLCTLVAMLJ, or Mdan-A 
(AACaCKLTVI). washed, and plated at a 5-to-l ratio to the T cells, A 
replicate of ODS* T cells was stimulated widi PMA (photbol 12-myristatc 
1 3-acetatc) (SO og^mL) + ionomycin (0.5 /tgfeiL) as a positive cootroL After 
24 hours, the cells were removed by waging with PBS + 0,05% Twccn 
(wash buffer), and biotinylaied antihinnan IFN-y antibody w^ added in PBS 

+ .0J% fetal calf serutiu The plates wete incubated fr>r 2 (o 4 hours at room 
temperature, washed, and strcptovidii-ancalinc phosphatase was added for I 
hour at coooi (jeoapcratute. The plates were Chen washed, BCIP-NBT 
(5-btQfaa-4A^i|ono-3'i(Kiolyl pbbspha(e/h(tro4>luc lettaz»Ouro) was added, 
and Che places ww fiitafly washed with water and aUowod lo >ir dry. Plates 
wctc scanned wi(h an EUSpol ncadcr (CTt tcdmoJogiej. Ocvdand. OH) 
and (he number of 3^ p<;r weil was enumerated after the background was 
set <»i the basis of wells that had been iocubated nvith medium ahxie; spot 
separation was a<^ustcd using Iramunospot software (CTL Technologic^). 
For each sample, the number of T cells pfxxlucitig IFN-y in response to EBV 
or Melan-A peptides was determined by subtracting the number of spots seen 
in cespoQse to HIV peptide. Hie mean and SO were dctemuflcd for each 
(riplicale sample. After immunizatiou.' the time poipt al which peak fiequen- 
cics among the first three cycles were observed was used for data aaalysis. 

Statisticai Analysis 

Comparisons between pre- and post-EUSpot frequencies were perfbraied 
using a paired / test, and comparisons of augmented EUSpot fiequcucies 
between rcspondecs and oonrcspoodcrs were made using an unpaired 
two^idcd t test Correlaaons between various dichotomous variables and 
clinical outcome were tnadc using Firfjcr's exact test (two-sided). Survival 
<lata were determined usir^ the Kaplan-Mcicr mcdiod, with dtfrc«Mces 
among subgroups assessed by the log-rank test. A« analyses weie perfocmed 
using SPSS software (version 8,0; SPSS fnc, Chicago. IL). 
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NOTE. Adverse evenh were dalemifned t«iog tfw Motional Ccwxer 
trtsfdute conunoo toxicity cntena scale %er»on 2.0. 



RE^TS 

Imnumization Treatment and Toxicities 

Each 3-wcek cycle consisted of immuntzatlon oa day 1 and sc 
riiIL-12 admintstratioa oa days 1, 3, and 5, as described in 
Methods, Three cycles coiistituCed one course of therapy and 
patients were equated for response after each course. Patients 
were observed as inpatients in our General Clinical itesearch 
Center for the first 24 hours of each cycle. 

Adverse reactioas are listed in Table 2. All but one patient 
completed at least three cy^iles of therapy. There were no grade 
3 to 4 toxicities: two patients had grade 2 neutropenia and two 
I^^its had grade 2 ALT or AST devations, which were reversible. 
The most common adverse reactions were fatigue atul fever- 

Clinical Outcome 

Clinical response outcomes are listed in Table 3. Two patients 
had a CR, for an overall re^onse rate of 10%, In addition^ four 
patients (20%) had a mixed tesponsc, one patient (5%) had an MR, 
four patients (20%) had SD, and (he temaining nine patients (45%) 
had PD. The sites of hsnof response were diverse. The two patients 
who exp^dm^ed a CR bodi had numerous metastases of 2 cm or 
less and a nocm^ LDH. One patient was female, had muh^e 
cutaneous lesions, and no prior thets^ the other patient Was male, 
had mult^e hing lesions, and had expericm:ed ptior treat^^ 
^ure fixMn ^^lensounnninotiKrapy. Nddier patient e?qimenced a 
rccunenoc v«th a mean followHi^ time of 28 months at the time of 
data analysis. Of the five other patients who showed a decrease in 
size of at least one tionor mass, three had resjxioscs ui skin, oc^ ^ 
a response in bcme, and one had a response in an adrenal lesion. 
Three of the four patients with SD had visceral metastases. 
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fig I. ln(e(fen>aga(RcnaajlS(x»rfi^ 
and (A| ^tstao^orr ww (BIVJ pre- and posttmmumzafioa. Cootnif Wtfes 
HIV peptide wm« sc^ilracted out Posh and pretrcatmeitf vdhjes were compared 
unng a paired f lest 

Peptide^pecific T-Celi Responses by EUSpot 

A carefully controlled IFM-y ELISpot assay was used to 
monitor the immune response to unmimizatton. Qyopteservcd 
CD8^ T cells were thawed ia batch fashion and stimulated in 
triplicate directly ex vivo with T2 cells loaded witfi peptides 
derived from cither HIV, EBV, or Melan-A. The HIV values 
were subtracted ftom those obtained with either Melau-A or 
EBV as an internal control at each time poiaL Seventeen of the 
carolled patients had adequate cryoprescrvcd material with 
which to perform immunologic assessments. 

As shown in Fig I, some patients displayed a hi^ frequency 
of McIan-A-specific CD?* T cells before vaccination, with as 
hi^ as 1% of cells responding to this pqjtide. These T 
cells were functional because diey produced IFN-y. The majority 
of p^ents showed an increase in the frequency of Mdan-A- 
q>ectfic cells after immunizatioa (P — .015), In contrast, the 
frequeoctes of specific CP8*^ T cclis it:sp6nding to EBV 
p^cide did noft vary significantly overall (P = ,86). Although the 
changes in T-ccU finequency were modesty these results deoKMi- 
stratc an antigen-specific response after immunization mdi 
Melao-A p^ttdc-pulscd PBMC + rhIL-12, 

The changes in Mdan-A-specific ELISpot frequencies were 
compared among patients who had a mixed response or bctto* 
and those who had no clinical response. As shown in Rg 2, tfie 
mean increase in Mcian-A-spccific T cells for the clinical 
responders was 112 i: 45 and for oonre^nders was 26 ± 16, 
indicating diat a greater absofiite increase in Melan-A-qiecific T 
cclfc was associated with tumor r^ression (P = ,046). 

Survival and Associations Between Immunologic Parameters 
and Clinical Outcome 

The overall median survival was 1 2^5 raondis and is shown 
in Fig 3 A Seven patients remained alive at the time of data 
analysis, with all patients followed beyond 12 months. Because 
the presence of elevated levels of smim LDH is a known 




liespooders 

2. OMtportson of cnoreased Melan-A OiSpot frequendes oher unmuraza- 
fiaa between <£raoal respotKleRC and nonresponders. The obsolule d^lemce 
between MelairA-spec^ic QlSpot {re<|ueaaes pas»- artd prefceotmenf was com- 
parod between responders and noorespooders using o two-sided^ unpaiied f test. 



negative prognostic factor.^-* survival was also compared in 
repose to this vaccine on the basis of LDH level (Fig 3B), The 
median survival for patients with an elevated LDH level was 
9.25 months, whereas die median had not yet been reached for 
tfiose with a nonnal LDH (P = -005). In addition, die median 
survival for patients who experienced a si^ificaot increase in 
Melan-A-spccific T cells was not yet reached, cotnpared with 
8-5 months for patients without a significant increase in HtcLatn* 
A-«pecific cells (Fig 3C; P = .120). 

Adkiidonal immunologic parameters that had been measured 
were also analyzed for associations with either clinical response 
or survival and are summarized in Table 4. Neither 3 positive 
recall DTK to standard antigens nor a relatively high numb^ of 
EBV- or Melan-A-«pecific C08^ T cells befiwe immunization 
correlated with either outcome. The median pretreatment Melan- 
A-spedfic T cell fi^uency was 23 in clinical nonrespondecs and 
—26 in responders. To increase the s^ttivity of die assay to 
detect Melan-A-specific T cells, an in vitro expansion was 
pa^>rmed on the preimmunlzation samples and analyzed by 
ELISpot as described in Methods. Ten patients showed high 
Mclan-A-specific T cell frequencies afici: in vitro expah^OfL 
However, this also failed to correlate with clinical outcome. 
Finally, although a; normal LDH level was associated with 
survival, it did not correlate with clinical response and also did 
not coaelate with immune re^nse. Collectively, these restdts 
reinforce the specificity of the result showing a significant 
assodatton between an increased nurhber of Mclan-A-specific T 
cells and clinical outcome. 

Expression of Melan-A in Resected Ttanors 
After Immunization 

ft was concciv^le that some patients devebped PD despite 
immunization because of outgrowth of Mclan-A-n^ativc tumor 
cells, Posttreatmeot tumor samples were obtained from progressing 
tumors Bcom three patients and analyzed by RT-PCR. Although the 
new metastasis that devdoped in pati^ 1 was negative for 
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Mdan-A expoesston, those samples boon patients 4 and 6 r^ned 
deCiectable ^tprcssioa of Melao-A mRNA (Rg I). These results 
indicate that, although outgrowth of antigen-negative cunKHS can 
occur, odier mechamsms of resistance to inunune destnicdoh likely 
explain the lade of clinical response in other patieats. 

WSCUSSOM 

In this study we used Melan-A pqitide^ulsed autologous 
PBMC + ihIt^I2 as a vacdnc to' treat HLA-A2^-positive 
patients with advanced melanoma. We ohserv'ed a sigatficant 
increase in Metan-A-«pccihc IFN-T-producing C3)8^ T cells 
alter ioununizatidn, and found a ^dstkal assodatiott between 
dinical response and the magnitude of the specific T-cell 
tocniascL Although tt is difidcult to compare across individual, 
small i^iase U, studies, these results are similar to those diat have 
been reported using antigen-foaded deadiitic cdls^ but wtdi a 
strat^y diat may be more straightforward to . execute. 

Preparation of the p^ttde-toaded PBMCs typically to<^ 5 
hours from phlebotomy to iniection, and qiimlity control of the 
cell i»oduc( was ^ciiitated by the; lade of an ext^ded in vitro 
■■ culture period and absence of exposuoe to culture medium or 
serum protcios that is required for dendritic cell preparations. 
Conversely, dendritic cell vaccines have been prepared in 
batdies and cryopreserved in individual doses in some studies, 
which obviates the need to prepare a firesh vaccine at each time 
point Ctyopreservation of vaccines has not yet been examined 
widi our current approach. A comparative trial between PBMC/ 
rhIL-l2 and dendritic cell -based vaccination may, therefore, be 
of interest as the tedmologies continue to devdopl Our results 



support the notion devdoped in preclinical models that lL-12 
can contribute to effective antitumor immunity, and are consis- 
tent with the results of a recent adjuvant vaccine study using 
rhlLrl^ in melanoma.^* 

We used a direct ex vivo ELlSpot assay to assess antigen- 
spedfic T-cdl responses in this study. Control experiments 
testing EBV reactivity from normal, donors revealed that ELlS- 
pot analysis could be performed accurately on cryopreserved' 
C08^ T cell sauries immediately after thawing (H. Harlin and 
T. Gajewsli, unpublished data). We found tiiat background 
reactivity against die control HIV pqjtide varied amor^ p^CTts 
and to some extent anipng time points for an individual patiesit 

il^ magnitude of increa^ tn apparent Me|ati^A,~'^<^y^ ^ 
would have been greater Iti sotne patieats had the values 
obtained with the HIV control pq)tide not beoi subtracted. We 
bdieve that this experimental detail is critical because it normal- 
izes the samples for badcgrouod differetices and provides an 
internal control for minor variation between individual vials^ of 
cryopreserved T cells. We also compared the Mdan-A frequen- 
cies to those against an £6 V control peptide, to determine 
whether the treatment was altering ELISpot results. We per- 
formed our analyses on purified CD8^ T cells to control for 
variable numbers between patients and aU:Toss time points, ft is 
possit^e that .we cxdudcd subpopulations of C^8~ T cdls^ 
CD4* T cells, and natural IdilcrT cdls that could have produced 
IFN-y in response to Melan-A- Nonetheless, our results revealed 
a measurable and significant increase in Melan-A-^>cdfic T 
cdb posttreatment Our currently employed ELISp<^ assay is 
distinct from the assay used in our phase 1 trial of peptid^-pulsed 
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outelogotn G08~ ceSs and 0.-2. 



PBMC + rfiIL-l2 atKl in other triab^*'^ in which in vitro 
expansion had been performed before assessment of lE^-y 
production. Analysis of T-ccll responses with minimal in vitro 
mahipulatioa should most accurately reflect die status of those 
cells in vivo. 

High frequencies of Melan-A-^specific, IFN-y-piXMlucing 
CD8* T cells were observed in some patients at study entry 
when tfiey clearly had progressivdy growing, melanoma. This 
observation indicates that the absolute frequency of functional T 
cells against a tumor antigen does not correlate with the bdiavior 
of the tumor. We also found no statistical association between 
this high fie<pieacy and clinical outcome; in fsict, the two patterns 
who cxpcricficed a CR had undetectable Mdan-A-^>e<xfib T 
cells before ttwrapy. Although high frequencies of T cdb 
.reacting with a Metan-A t^ra^er luive beoi d^ected in s<mie 
normal d<Miors^^ those cells had . a naive surface phenotype.and 
did not produce high . levels of IFN-y. What did correlate widi 
climcal response in our curretit study is a meaningful increase in 
Melan^A-^)ecific T cells posttreatmoit. These iiK^reases were 
modest (a net gain of 112 spots per 10* CD8^ T cells on 
average), indicating either that a subtle alteradon in the steady- 
^atc between the immune response and a growing tumor in fevor 
of increased T-cell frequencies b .suffrci^t to traiidate into 
tionor regression, or that anodier immune foncti<»i that we are 
not measuring is contributing the final evait of tumor 
shrinka^. Tumor rcgresj^ons without detectable incr^tses in 
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T-cell frequencies using standard assays have beed observed in 
other studies," 

The median overall survival in our study was 12.25 months 
from tr^tm^t initiation, which is' greater than the expected 6 to 
9 rnoadis for this patient population. Although it was a relatively 
small study -and subject to selection bias, most patients were 
pietreated and had visceral disease, one half of the patients had 
elevated serum LDH levels, and four patients had treated brain 
metastases. As has been seen in melanoma patients treated with 
standard thmpies, we found that an elevated serum LDH levd 
was a negative prognostic factor for survival. Whether this is 
refie(^ve of tumor burden or the metabolic state of the tumor 
celts that have adapted to an anaerobic environment is unclear. 

Some patients developed increases in Melan-A-specific T 
cells and developed progressive tumor growth despite retained 
e}qpression of the antigen on posttreatment biopsies. This obser- 
vation is ^milar to th^ seen in murine studies^ and indicates 
miSGhattisms of tiuhor resistance downstream from initial T-cell 
priming, presumably within tlte tumor oiictoenvironment Poten- 
tial explanations include poor T-cetl traffidung to tumor sites, 
presetux of negative regulatory cells, T-cdl anergy or death, 
expression of inhibitory molecules by tumor cells, or dowttrcgu- 
latton of class I major histocompatibility complex or antigen- 
processing molecules-^'^ Future studies should investigate 
definable mechanisms of tumor escape that allow tumor cells to 
resist eliminatioa by antigen-specific T cells in vivo. 
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Vaccination with Mage-3Al Peptide-pulsed Mature, 
Monocyte-derived Dendritic Cells Expands Specific 
Cytotoxic T Cells and Induces Regression of Some 
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Summary 

DendriUc ceils (DCs) are considered to l>e promising adjuvants for inducing immunity to can- 
^ We us^ mature, monocyte-derived DCs to eUcit resistance to malignant melanoma. The 
IXJs were pulsed witfi Mage-3Al tumor peptide and a recall antigen, tetanus toxoid or tuber- 
culin- 11 far advanced stage IV melanoma patients, wlio were progressive despite standard che- 
motherapy, received five DC vaccinations at l4-d intervails. The first diree vaccinations wece 
adminlst^ed Into the skin. 3 X {(^ DCs each subcutaneousiy and intradermally foUowed by 
two intravenous Injecaons of 6 X lO^ and 12 X lO^ DCs. respectively. Only mmor (less than 
or equal to grade H) side effects were observed- Immunity to the recall antigen was boosted 
Signiacant expansions of Mage-3Al-specific CD8+ cytotoxic T lymphocyte (CTU precursors 
were Induced in 8/11 patients. Curiously, these immune responses often declined after die in- 
travenous vaccinations, Regresswns of individual metastases (skin, lymph node. lung, and liver) 
were evident in 6/ 1 1 patients. Resolution of skin metastases In two of die patients was accom- 
panied by erydiema and CD8^ T cell Infiltration, whereas nonregresslng lesions lacked CD8+ 
T cells as weU as Mage-3 mRNA expression. This study proves the principle tiiat DC 'vac- 
cines can frequendy expand tumor-specific CTLs and eUcit regressions even in advanced can- 
cer and. in addition, provides evidence for an active CD8^ CTL-tumor ceU interaction in situ 
as well as escape by lack of txjtmor antigen expression. 

Key words: dendritic celb • vaccination ^ active immunodierapy • melanoma ♦ 
cytotoxic T lymphocytes 



It Is now established that the Immune system has cells, 
particulariy CD8*^ CIls. that can recognize tumor anti- 
gens and km tumors (l, 2), Nevertheless, a major problem 
1$ (hat these T cells are either not induced or only weakly 
induced, i.e., the T cells am not evident in the systemic dr- 
culadon. One possibiUty Is that there is Inadequate tumor 
antigen presentation by dendritic cells (DCs).« 'nature's ad- 
juvant' for eliciting T cell immunity (3). Anodier Is tiiat 



Abbmiathas used in Oiis paper: CNS, central nervous syuem: DCs, dm- 
dride calU; DTK, delayed-type hype^emitlvlty: MCM. mooocyte-coa- 
didooed medium: RT. reverse transcriptase: TT, tetanus toxoid. 



tumor-reactive T cells are tolerized by the tumors {1. 4), 
Melanoma provides a compeliing setting in which to pur- 
sue a current goal of cancer immuootheiapy, the generation 
of stronger tumor-speciflc T ceil Immunity, particularly 
with CTLs (4). The majority of tumor antigens Identified 
so for are expressed by melarwrnas (2). Lirruted antlmelanoma 
CTL responses have been debsded (5). and Infusions of [L-2 
expanded killer cells can lead to rejection of melanoma (5), 

Conventional adjuvants promote antibody father than 
CTL responses. Therefore, several novel strategies are be- 
ing explored to induce tumor-speciflc T ceU immunity. 
DC vaccination is one of these (3), Immature DCs capture 
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antigens but lack full T cell -stimulatory activity (7), In the 
presence of appropriate stimuli such as.inflamniatory cyto- 
kines, the DCs mature. DCs upregulate T cell adhesion and 
costimulatory molecules as well as select chemoklne recep- 
tors that guide DC migration Into lymphoid organs for 
priming of antigen -specific T cells. The use of DCs as adju- 
vants Is supported by many animal experiments with pri- 
marily mature DCs (3, 8). These studies have shown that 
. the injection of tumor antigen-loaded DCs reliably Induces 
tumor-specific CTL responses, tumor resistance, and in 
some cases, regression of metastases (3. 8) . In the few pUot 
trials reported so far for humans. Imtnatuie DCs have been 
employed (9-1 1), Scattered tumor responses are reported, 
but evidence for the induction of tumor -specific CTl-s by 
DC vaccination has not jbeen shown.' 

We have developed a technique to generate large num- 
bers of homogenous populations of mature and stable DCs 
fipom monocytes in the absence of nonhucnan proteins (12, 
13). We are now exploring the use of these DCs as vaccine 
'adjuvants in humans. Here we provide the proof of the prin- 
ciple by demonstrating tiut three intracutaneous Injections 
of Mage-3A1 peptide-pulsed mature DCs reliably enhance 
Mage-3Al-specific CD8 ^ and recall CD4'*^ T cell inununity 
In heavfly pretreated, progressive stage IV melanoma patients 
with iatge tumor loads. Expansions of Mage-3A I -specific 
CTL responses have not been previously detected after 
Mage-3Al peptide vaccination In less advanced melanoma 
patients (14), underscoring the potent acljuvant properties 
t>f DCs, As regressions of metastases also occurred upon 
DC -mediated immunization and were accompanied by 
CDS"*^ T cell InfUtratipn, we propose tiiat the induced 
Mage-3A1 -specific CTLs are active in vivo. 

Materials and Methofls 

Patient EligibUity Cdteria 

Patients were eligible If tt»ey suffered &bai stage IV (i.e., distant 
metastases^ cutaneous malignant melanpma (1388 American joint 
-Committee on Cancer/Union Internationale Centre Cancer 
pTNM staging system) that was not curable by resection and was 
progressive deqrite ch^no(imnuino)therapy, Furtiier Induslon cri~ 
teria were an expected sunriv^ ^4 nw, Karno^ky index ^60%, 
age ^18 yr, measurable disease, HLA-Al posltivlty, expression of 
K(age-3 gene shown by reverse transcriptase (RTj-PCR In at least 
one excised metastasis, and no systemic chemo-, radio-, or un- 
munotherapy within 4 wk (6 wk In the case of nltrasuirea drugs) 
preceding the flnt DC vacdnation. A positive skin test to recall 
.antigens was not required. Important exclusion criteria were ac- 
tive oentrsl nervous system (CNS) metastasis, any stgniflcant psychi- 
atric abnonnality. severely impaired organ ftmction (hematcdagtcat 
fenal, liver), active autoimmune disease (except vltitiga}, previous 
splenectomy or radiation tiierapy to die spleen, organ altbgrafts, evi- 
dettoe for another active mal^nant neoplasm, pregnancy. lacUtlon. 
or paitkipation (or Intent to participate) In any other cUnical trial- 
Conoomitant treatment (chemo- or immunotherapy, corticoster- 
okb; invesdgatlcin^ drugs, paramedical substances) was pn^iiblted. 
Palliative radiation or surgical tfierapy of selected metastases aixl cer- 
tain medications (acetaminophen/paraceumol. nonsteroidal anti- 
Inflammatory drugs* opiate^ to control Symptoms were allowed. 

1670 Dendritic Cell VaccinaUon 



Cliaical Protocol and Study Design 

The study was performed at d-»e Departments of Dermatology 
in Eriangen, WOrrfjurg. and Mairvz. Germany according to stan- 
dards of Good Clinical Practice for Trials on Medicinal Prxxlucts 
in the European Conmiunlty. The protocol was approved by the 
Protocol Review Committee of the Ludwlg trtstltute for Cancer 
Research (New York, NY) and performed urKler supervision of 
Its Office of CUnic^ Trials ManagemerK as study LUD #97-001. 
The protocol was also approved by the ethics committees of the 
Involved study centers. 

'Rie study design is shown In Table 11. All patients gave writ- 
ten informed consent before undergoing a sc^^ning evaluation 
to determine their eligibility. Extensive clinical and laboratory as- 
sessments were conducted at visits I. 5. and 8 (Table 11) and ccm- 
st^ed of a compile physical exartilnation, staging procedures, 
and standard laboratory values as well as special ones (jpregnarK:y 
test, £nee testosterone In males, autoantibody profile, and antibodies 
to HIV- 1/2. human T cell lymphotroplc virus type L hepatitis B 
virus, arid hepatitis C viru^ . PaUertts were hospitalized arnl exam- 
ined the day before each vaccination and were monitored for 
48 h alter (he DC trifectfons. Adverse events and chariges In labora- . 
Cory values were graded on a scale derived from the Common 
Toxicity Criteria of the National Cancer Institute. National Insti- 
tutes of Health, Bethesda. MD. 

Pfoduction of the DC Vacdne 

. During prestudy screeiUng, we tested a small amount of fresh , 
blood to verify that apprq^iriate numbers of mature CX3s oould be 
gerierated from the patient s monocytes (12). Sufficient DiC num- 
bers could be succe^^illy generated in all patients, but In some pa- 
tients ttie test generation revealed that TNF-ot had to t>e added to 
assure full maturation. To avoid repettelve blood drawirigs. we per- 
formed a single leukapherests during visit 2 to generate DCs as de- 
scribed (13). En si>ort, PBMCs finm the leukapheresis (^lO**" nu- 
cleated cells) were Isolated on Lymjrfioprep^ ^ycomed Pharma) 
and divided into ttiree fractions. The first fraction of 10' PBMCs 
was cultured on bacteriological petri dishes (Cac §^1005; Falcon 
Labwar^ coated with human !^ (100 |Lg/ml; SarKkig^obln™; San- 
doz GrnbH) In con^tete E^f^l 1640 medium (BioWhtttakec) 
supplemented with 20 |JLg/ml gentamidn (Refobadn 10; Merck). 
2 mM glutamine (BioWhittakei). and 1% heat-inactivated human 
plasma for 24 h to generate monocyte-conditloned medium 
(MCM) for later use as the DC maturation stimulus. The seoOrKl 
fractioo of 3 X 10^ PBMCs was used for the genecation of DCs for 
vaccination 1 and delayed-type hypersensitivity (DTFfl test L Ad- 
herent monocytes were cultured In 1.000 U/ml GM-CSF (10 X 
iO' U/rag: Leukomax"*; Novartl^ arrf SOQ U/ml IL-4 (|xirlty 
>98%: 4.1 X 10' U/vng in a bkMESsay.udiig protiferatlon of hurrian 
IL:-4R*^ CTLL; CellGenlx: expressed ia Exherkhia mU and pro- 
duced urxler good laboratory practice conditions but v^ified for 
good-manufacturing practice {GMPj safety znd purity criteria by 
us) for 6 d, and then MCM was added to crtature ttie DCs. MCM 
was supplemerued in patients 04. 06. 09, 1 1, arvi 12 with 10 ng/ml 
GMP-rt^u TNF-a (pur% >99%; 5 X 10' U/mg in a bioassay us- 
Ir^ murine L-M cells; a gift of E)r, G.R. AdoiC Boehringer Ingel- 
itelm Austria, Vieruia. Austria} to assure, full maturation of DCs. 
Mature DCs were harvested on day 7. T\\e ttiird fraction of PBMCs 
was frozen In allquots and stored In die gas phase of liquid nitrogen 
to generate DCs for later vaccinations arxl DTH tests. 

DCs for vaccinations were ^ush&d with the Mage-3A1 peptide 
(15) (EVDPfGHLY, synthesized at GMP quaUty by Clinalfa) as 
tumor antigen, and as a recall antigen and positive control tetanus 
toxoid Ci l) or tuberculin (if at visit l the DTH to TT. in the 

Siage IV Melanoma Patients 



Multitest Merteux was > 10 mm: both purcha^ from the Bacte- 
rial Vaccines Department of the Sutens Semm Institute, Copen- 
hageh: Denmark). The recall antigen was added at tO |jug/fni for 
the last 24 h. and the ^4age-3Al peptide was added at 10 di- 
rectly to the cultures for the last 8 h (if loununity to recall anti- 
gens was strongly boosted, the dose of recall antigen was reduced 
to 1,0 or 0,1 >Lg/ml or was omitted for the Intravenous DC in- 
jections to avoid a cytokine release syndrome). On day 7, mature 
DCs w^ harvested, resuspended in complete medium, washed, 
and pulsed once more with Mage-3A1 peptide (now at 30 fiM) 
for 60 min at 37**C. DCs were Cinatty washed and resuspended In 
PBS (CMP quality PBS; BioWhlttaket) for injection, DCs to be 
used for Ma8e-3Al DTH tests were pulsed wldi Mage-3Al (but 
no recall antigen): DCs that served as negative control in the 
DTH tests were not pulsed at ail. An aliquot of the DCs to be 
used for vaccinations was analyzed as described (13) to assure that 
functiooaiiy active and mature DCs were generated The featui^ 
of the DCs are described in Results. Release criteria typical 
moq^hology (>95% nonadherent veiled ceil4 and phenotype 
(>95% HLA-DR^+*^CD86^*^D40*CD25 ^CDU- and >65% 
hoaiogenously CD83*^). 

Icamunlzatiaa Schedule 

A total of ftve vaccinatkjns (three into the skin followed by 
two intravehoudy) with antigen-pulsed DCs were given ait 14 -d 
Inten/als fPable IQ. This design was chosen to explcve the toxic- 
ity and efficacy of various routes In this trlaL For vaccinations 1-3, 
3. X 10^ DCs were given subcutaneously at two sites (1.5 X 10^ 
PCs in 500 (lI PBS per site) and 3 X 10® intradermaUy at 10 sites 
(3 X DCs In 100 pi PBS per sUe), The injection sites were 
the ventromedjal regions of the upper arms and the diighs close 
to the regional lymph nodes and were rotated clockwise. Umbs 
where draining lymph riodes had been removed and/or irradiated 
were excluded. For Intravenous vacdiutioru 4 and 5, a total of 6 
and 12 X 10® antigen -pulsed DCs (resuspended in 25 or 50 ml 
PBS plus 1% autologous plasma) was administered over 5 aiKl 19 
min, respectlv^y. Premedication with an antipyretic (500 acet- 
miciophen/paracetamol p,o,) and an antmistamlne (2.68 mg de- 
mastinhydrogenfumarat l,y,) was given 30 mln before intraverwus 
DC vaccination. 

Ev^aiuajdon of Imamne Status 

Recall Aatigeaspecifk ProUfcraUiaa and Cytokim PcoducOoa. 
PBMCs.were ctiltured In triplicate at two dose leveb (3 X i0< 
and I X 10^ PfiMCs/weil) plus or mlniis TT or tuberculla (at 
OX 1, and iO iig/mQ and pubed on day 5 with PH]thymkllhe 
for 12 h. In all cases, the highest cpms were <>t>calned with the 
highest doses of PBMCs arid antigetj arwl are shown in Fig. 2. 
IL-4 and IFN-7 leveb were measured In culture media by EUSA 
(Endpgen, Inc.), In a separate pbte, staphylococcal enterxHoxln 
(SEA: Serv^ was added at 0,5, I, and 5 ixg/ml, and proliferation 
was assessed after 3 d to provide a positive control for helper T 
cell vlablli^ and responsiveness. - 

Enzywe-Ui^ lamtaoQSfkst Assxy fyf IFN-y Rdease (torn Sir^ 
An^geit-'ipedlk T CeSs, To quantltate antigen ^spedftc. IFN-7- 
reloaslng. Mage-aAI-specific efifector T cells, an ^uyme-llnked 
immuoospot (EUSPOT) assay was used as described (16). PBMGs 
(105 and 5 X lOVwell) or In some cases CD8* or CD4*^ T cells 
Usolaced by MACS^ according to the manufacturer. MUtenyl 
BkJtficJ were added In trifrficate to nltrxjceilulose -bottomed 96-weU 
plates (MAHA S45IO: MiUlpore Corp.) ptecoated with the pri- 
mary anti-IFN-7 itiAb (l -DlK: Mabtech) in 50 pJ ELISPOT 
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medium (E?PMI 1640 and 5% heat- inactivated human serun^ per 
welL For Che detection of Mag€-3A1 -reactive T ceU$. the APCs 
were irr^iated T2.AI cells (provkled by P' van der Bruggen. 
Ludwig Institute of Cancer Research, Brussels. Belgium) pulsed 
with MHC dass I-restricted peptides ^4age-3Al peptide arid the 
HIV- 1 p 1 7^derived native control peptide GSEELRSLY) added 
at 7,5 X lO^/well {Onal volume 100 pi/well). After incubation 
for 20 h, wells were washed six times. Incubated with biotiny- 
lated second mAb to IFN-7 (7-B6-1; Kfabted^ for 2 h. washed, 
arwl stained with VectasUin Elite kit (Vector Labs.). For detec- 
tion of TT-reactive T cells, TT was added at 10 pg/mi direcdy to 
the PBMCs (I or 5 X 105 PBMCs/ftat-bottomed 96 -weU plate). 
Assays were performed on fresh PBMCs, Spots were evaluated 
and counted using a special computer-assisted video lmagir\g analy- 
sis system (Cad Zeiss Vision) as descrll>ed (16), 

Semiqaaatitaave Assessment of CTL Pcecursors. The multiple 
microculture method deveksped by Romero et al. (17) was used 
to obtain a semiquantitative assessment of CTLp (precursors) spe- 
cific for Mage-3Al peptide. Allquots of frozen PMBCs were 
thawed and assayed together, CD8* T cells were Isolated with 
magnetic mlcrobeads (MACS^ separation columns: MUtenyi Bk>- 
te<^ and seeded at lOVwell in 96-weU round-boUomed {dates in 
RPMt 1640 with 10% heat-inaaivated human serum. The CDS" 
PBMCs were pulsed with peptkle Mage-3Al or tiie Influenza 
PBl control peptide VSDGGPNLY (10 fx«/ml; 30 min at room 
temperature), irradiated (30 Gy from a cesium source), and added 
as an APC population at lOVweU togettier with IL-2 (10 lU/ml 
final) aiKl IL-7 (10 ng/ml finaO in a total volume of 200 lO/weil. 
On day 7, ICK) |U fresh medium was substituted, and peptide 
Mage-3A1 or PBl (1 p-g/ml final) and IL-2 (10 U/ml) was 
added. On day 12. each rnicrowell was divided Into three equal 
samples to test cytolytic activity in a standard 4^ **Cr-release 
assay on p^Jtide-pulsed (10 ti.g/ml for 1 h at 37'Q T2A1 c^. 
nonpulsed T2AI cells, and K562 target cells, respectively. All of 
the assays were performed with an ^-fold excess of nonlabeled 
K562 to block NK activity. MlcroweUs were scored positive If 
lysis of T2AI targets wth peptide minus lysis without peptide 
was ^12% and this specific lysis was greater than or equal to 
twice the lysis of T2AI targets, without peptide plus six as de- 
scribed (IS). We aimed at testing 30 microwells of 10< CDS*^ T 
cells. Therefore, 1/30 positive wells equals at least one CTLp In 
3 X 10* (Le., 30 w^ at 10* CTLp per well) CDS * T cefis (cor- 
responding to -^3 X 10« PBMC^. 

Din. DTH to Mage-3AI p^tide was assessed by Intra- 
dermal injectton at two sites of each 3 X lO* Mage-3A1 peptide^ 
loaded DC in O.L ml PBS. Negative controls were nonpulsed 
autol<^ous DCs In 0.1 ml PBS and 0,1 ml PBS. DTH to seven 
coounort recaO antigens (Multttest Merfeux) Including TT and 
tuberculin was performed on visits 1, 5, and 8 (Table II). 

Assesstnerit and Analysis of Tumor Tissue 

For recruitment Into the study. M;^e-3 gene expression In at 
least one tnetastatic deposit had to be derrranstrated by RT-PCR 
as described (14). Accessible superficial skin metastases were re- 
moved whenever pocssible after the vaccinatioru and. subjected to 
Mage-3 RT-PCR as wiell as routine histology and ImcnurKjhls- 
tobgy (to characterize cellular LafUtrates), 

Statistical Analysis 

For analysis of the Immune response, pre- and postimmuniza- 
tion values were compared by paired t test after k>garlthmic trans- 
formation of the data. Significance was set at P < 0.05, 



Results 



Patient Chafacterbtics 

All 13 patients were HLA.-A1^, had proven Mage -3 
mRNA expression In at (east one excised metastasis, and 
suffered from advanced stage IV metarioma, i.e.. distant 
mecastases that were progressive despite chen>otherapy and. 
in some cases, chemolmmunotherapy (Table I). We offered 
DCs to all patients who fulfilled the inclusion and exclusion 
aiterla« Le., we did not select for subsets of patients. Two 
patients (numbers 01 and 03) succumbed to melanoma af- 
:ter two and three vaccinations, respectively. 1 1 patients re- 
ceived all five planned DC vaccinations in l4-d Intervals 
(Table U) and were thus fully evaluable. 

Quality of the Vaccine 

All vaccine preparations were highly enriched in mature 
DCs, More than 95% of the cells were large and veiled in . 



appearance, expressed a characteristic phenotype by flow 
cytometry (HLA-D R * ^CD86 ^CD40 ^CD25 ^CD 14"). 
and acted as strong stimulators of an MLR at DC/T cell ra- 
tios of < 1:300 (13). Most (mean 80%) expressed th& CD83 
mature DC marker (19). These features were stable upon 
removal of cytokines and culture for one to two more days. 
(13), The DCs were pulsed vsrtth Mage-3A1 peptide as a tu- 
mor antigen and TT or tuberculin as a recall antigen. The 
latter were internal controls for immunization and possibly 
provided help for CTL resportses (20). 

Toxicity 

No ma|dr (above, grade IQ toxicity or severe side effects 
were observed in any patient. Including the two patients 
who were not fully evaluable. We noticed, however, local 
reactions (erythema, induration, pruritus) at the intracuta- 



Table I, Patfentj* Characteristics, Status before fDC Vaccination, and Response to DC Vaccination 
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TreatiQem centen: three padents (04. 08. and 12) were treated in Wucrzburg, two in Ktalnz (patienCi.lO and 13), and the 6d»ers In Eriangen. 
PcccrcotmOTt therapy: PCL pofycttefnolnunuoo. Preceding exdsfons and radiotherapies are not listed. 

.Metastases at study entry: the number and diameter of the largest metastases present at study entry are listed (number/diameter In mtUimecen). 
m. otultifile (>3 metastaise^. 

Scirvfval: (since onset of stage [V aiid as of S August 1999) is listed as cnonths since onset stage IV until study entry + number of months since study 
entcy. Patient deceased. 

*CNS metastases were regressing at study entry after gamma knife treatment. 

^Developed (in part) after study entry. * 
'^)e«ermlned by aiitopsy. 

*Sudden de^ from bleeding Into CNS metastasis on visit 8. ' 

*TKe regnessiofis of lung metastases In patients 06 and 07 were documerUed at a staging 3 mo after visit 8- 

mediast., medla^inum: pancr., pancreas. 
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neous vaccination sites that increased with the number of 
vaccinations. In 9/11 patients, strong DTH reactions (in- 
duration >10 mm In dlanieter) were noted to DCs carry- 
ing a recall antigen (Fig, I), Elevation of body temperature 
(grade I and 11 fevet) was observed in most 0/1 1) patients 
and was . also related to pubing CK^s with recall antigen. 
The most striking example was patient 02, who progres- 
sively developed fever (up to 40*0 upon successive vacci- 
nations but did not show a rise in body temperature when 
TT was <xnltted for the final (flftt^ vaodnadon. We observed 
slight lymph node enlaigement, cUnically in 63% and by 
sonography In 83% of patients, after the Intracutaneous DC 
Injections. Interestingjly. these were d^yed, being inappar- 
ent during tiW 2 d of monitoring after vaccinations but de- 
tected %vhen patients were investigated again the day before 
tlie.next vaccination fTable IQ. 

lamataaia^ca! Reqx)nses ' 

- Boosting of Recati Andgett^^Kdfk Lmntmky, PBfwiCs that 
had been Gnozen b^ore vaccination and 14 d after vaccina- 
tion 5 were thawed and assayed together, as specified in the 
protocol (Table II). In most patients, a significant boost of 
antigen-specific Immunity developed to TT (and tubercu- 
lin in patient 10) (P < 0,004; Fig. 2), SupemaUnts from the 
prolifecative assays contained iai^ amounts of IFN-'y (mean 
1.679 pg/ml range 846-1,325) but Uttie [L-4 (IFMVH--^. 
3l7;l), In &ve patients, we studied the kUietlcs'of the Immune 
reisponse to TT by IFN-7 ELISPOT analysis. We found an 
Increase after the Intracutaneous vaccinations (P < 0.0^ 
but a peculiar decrease after the tntravenot^s vaccinations (P < 
0.008; Fig- 3). Thus, comparing recall inrununfty before arvi 
after all five vaccinations pig. 2) as prespedfied in ttie protocol 
fTatile 15 obviously underestlrTvated tiie extent of boosting. 





Figufc .1. i»cal reactions toOCs canyir^ Mage-3Al p^itide «ad TT 
at tfie iatnderniul and.sutxrutaneous vacdnadon sites in patient 09 (24 h 
after vaodnation 2; top paneO and 02 (48 h after vaccinaUoa 3; bottom 
panel}. Erythema at the 10 Intradermal (leficj and 2 subcutaneous (right) 
vaccination sites was followed by Induration >10 mm in diameter (with 
secortdary purpura In patient 02). Tliese local reactions represent strong 
DTH reactions to DCs cacrytng TT. as such strong reactioru did not oc- 
cur In response to unpidsed DCs or DCs pulsed with Mage -3 A I peptide 
alofte In DTH tests I-IH fTatrfe 11: reacUons not shown). 
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Figure 2. RecaU acxlgen-speclfic immunity (ti^ieccutin In patient 10: 
TT fai iU othera) as assayed by antigen -specific proiiferatkw. The cpm val-^ 
ties deCennined after ihectpy (14 d after v30ctnH(oa S| are shown as multi- 
ples of pcediecapy cpm values. fiibsaiuKA cpcn (cpm with recall aaiigea minus 
<pm wtdtout arvUgen) after therapy was 68^ 17 In patient 02. 8S.22i5 inpa- 
tSent 04. 16.759 in patient 05, 7.9U In patient 06. 16,367 In patient 07. 
107.923 In p^ieat 09. 22.790 in patient 10. 4.507 in patient 12. and 1 ,831 
In padiOit 13 (SEM for afl meauirements was <20%). Patients 08 and 1 1 
could not be evaluated due to shortage of cells after therapy. 



Expansion of Mage-dAl-spedttc CTLp. AUquots of 
PBMCs, frozen before the first and after the third and fifth 
vacxdiiations^ were thawed at the same time (Table U) 5tfid 
subjected to a semiquantUatlve recall assay for CTLp (refer- 
ence 17; Fig, 4), Before vacclmtlon, CTLp frequencies 
were low or undetectable, in 8/1 1 patients, we found a sig- 
nificant expansion of Mage-3Al-speciQc CTTLp as Indicated 
by the Increase (mean« ei^tfold: P < 0.008) of positive 
mlcrocultures In the multiple tnlcroculture procedure em- 
ployed for the semiquantitative assessment of CTLp (17), 
Interestingly, in six patients, the (TTLp frequencies were 
itiaxlmal after the three intracutaneous vaccinations (P < 
0.0013) btit then decreased after the two additional Intrave- 
nous vaccinations In all but one of these padents (P < 0.026). 
Only in I /1 1 patients did we observe an Increase of CTLp 
to ah hretevant PBl Influenza peptide that served as a spec- 
iflcl^ control (not shown). 



EUSPOT Analysis for IFN-ytekasing. Mage-SAl-^CK 
T Ceils- We also tried to detect Mage-3A1 -specific CTl. 
effectors in uncultured fresh, nonfrozen PBMCs by per- 
forming ELlSPOT analyses at 14-d intervals on all patients, 
A significant Increase of N^age-SAl^-rieactive IFN-^ spot- 
forming cells was apparent only in patients 07 and 09 after 
the first and second vaccinations, re^jectiv^y, but the fre- 
quency of Mage-3At -specific effectors was very high" 
(--5,0(K) and 10.500/10^ CD8^ T celb: not showi^. 

DmT€stto Mags-3Al P^tkh-lo3tkdDCs. Tests of DTH 
to Mage-3Al peptkie-loaded DCs yielded efythema and/or 
induration (>5 mm diametei) in 7/1 1 patients (not shown). 
The restdts were, however, equivocal due to the frequendy 
observed backgixxind to nonpulsed DCs (up to 10 mm in 
dianietef) and the vartabUity from (est ske to test site. 

Clinical Responses 

At the end of the trial, te,, wk after the fifth vaccina^ 
tidn (Table 11). we observed temporary growth cessation of 
some Individual metastases, but more intrlgulngly, in 6/11 
patients, complete regression of individual metastases In 
skin, lymph nodes. lut\g. and liver (Table 1 and Fig. 5). 
Resolution of skin metastases was found in tiiree patients 
CTable 1. patients 06, 07. and 08) and in two of them (06 
and 07), It was preceded by local pair^, itching, and slight 
eiythema. The six regr^sing skin lesions of patients 06 and 
07 (Table I) were abo excised arni examined by immuno- 
hlstoiogy. Clusters of CDS"^ T cells were seen around and 
In the tumor, the latter often necrotic, suggesting an im- 
mune attack (Fig. 6). 

In patients 06 and 08, the metastases excised af study 
entry (four and two. respectively) proved to be Mage.-3 
mRNA^. However, all of the samples removed at the end 
(two and six, respectively) were Mager3 mRNA~, suggest- 
ing IminurKJselection for antigen-negative tumor cells. Re- 
markably, slgnlfk:ant Infiltration of CD8''' T ceUs was not 
found In any of these lesions. 

Discussion 

In deciding on the source of DCs for this phase I trial, 
we selected taatim, monocyte-derlved DC^s for ttte foUpvv^ 
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Figure 3. Klne^ analysts of Itnitiunlty to recall antigens 
as assessed by TT-speclflc IFN-7 OJSPOT (SEM for aU 
meesumnents was <20%}. BkKid was drawn (see Table IL 
Study De£lgi\) b^ore the first VC vacdnadon and theti evr 
ery 14 d Just before adminlstmtion of the next DC vaod- 
natkxi (e,g., pre Vacc 2 means Immediate^ fiefiwr vacd- 
nation 2, Le,. 14 d aiier .vaccination l), and ftnafly after 
tftecapy, TUne points at which vacdhatkxu were not per- 
formed tack bars. Note the Increase after ti%e Intracutane- 
ous vaccinations and the detHne ^^xm the two vacdni- 
doiti after IntraverKMis one&. Patient 10. who received 
tubercuim -pulsed DCs. exhibited no sfgntficaixt change In 
the TT-specIGc ELISPOT as expected. 
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Figure C Mage-3Ai CTLp fipeqtfency vwlyris as as- 
sessed by semiquaruiiaUve recall issay. The y-axls and the 
numbers above the bars Indicate the percentage of podtlve 
welb found before vaccination 1, before yaocinatioa 4 (L4 d 
after vaccination 3). and after therapy (usually 14 d after 
vaodnation S). 



log reasons, Kfooocyte-derived DCs currently represent 
the most homogenous and potent DC populations* with 
several defining criteria and quality controb (12, 13, 21). 
T*he method for generatlnjg production of these DCs Is 
very reproducible and allows the crydpreservation of large 
numbers of cells at an Identical stage of development (12. 
13). Fiirthenmore. these DCs can be produced in the ab- 
sence of potentially hazardous FCS (12. 13, 21). FCS expo- 
sure also leads to large syngeneic T ceil responses In cul- 
ture, so their clinical use (11) might produce nonspecific 
ImmunostlmulatDcy efifects. Unlike other investigators (9- It), 
we dbose to use mature rather than immature DCs for our 
first melanoma trial The DCs that have been used with ef- 
ficacy in aninnai experiments were primarily mature (3, 8). 
Mature DCs are much more potent In inducing CTL and 
Thl responses In vitro (reference 22 and Jbnulelt, H,, A. 
Gleseke. A. Kandemlr. L. Paragnik, J, Knop. and A.H. 
Enk, manuscript In preparation), and the DCs are also resis- 
tant to the Immunosuppressive effects of IL-IO (23) that 
can be produced by tu triors . (24 -26). Mature DCs also 
display an extended haif-llfe of antigen-presenting MHC 
class I (26aJ and class U molecules (27). Finally, mature 
DCs have a high migratofy activity (21) and express GCR7 
(28). a receptor for chemoklnes produced oonstltictlvely In 



lymphoid tissues (28), Mature DCs, as tjised In this cancer 
therapy trial, have recently also been shown to rapidly gen- 
erate broad T cell Immunity in healthy subjects (28). 

Mature DCs were loaded with only one nielanoma pep- 
tide, Mage-3Al, to avoid uncertainties regarding loading of 
DCs with mtiltlple peptides (1 1) of varying affinity and off 
rate, Successftjd loading was verified with a Mage-3Al-spe- 
ciflc CTL clone and ELISPOT analysis (not shown). The 
Mage-3Al pepdde (15) was selected for several reasons. It h 
essentially tumor specific (2) and expressed in tumors other 
than melanoma (2), and the Mage-3Al epitope is likely a re- 
jection antigen (14). Moreover, die Mage-3A1 CTLp fre- 
quency Is exceedingly low In norvzancer ptatlents. (reference 
18; 0.4--3 per l(P CD8* T ceD^ as well as In canc«- patients, 
even after peptide vaccination (14). Thus, any induction or 
boost of Mage-3A1 CDS'*" T cell responses woutld Indlcatef a 
slgnlflcarU: superiority In the adjtivant capacities of E)0. 

DTH assays with peptide-pulsed DCs were carried out 
as described iby Nesde et al. (I I) to detect .Mage-3Ai im- 
munity (not shown). However, we did not detect un- 
equivocal DTH. This was due to the frequendy observed 
background to nonpuUed DCs (possibly due to cytokine 
production by DCs) arKl the cKiteworthy variability from 
test lite to test site. As M;age-3Ai -specific Tcells are CD8*^ 




Figure 5. Regression (arrow^ of a globular (13 
mm In djametec) lung metastasis in patient 07 that 
was then no longer detectable In serial G-oim-Chidc 
computed tomogrsphy scans. 
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T cells and DTH assays typicaily detect primed CD4* T 
cefls, we suspect that DTH to MHC class I peptide-puUed 
DCs tnay also for this reason prove not to be a setisltive or 
reilaUe way to monitor specific CD8^T cell-mediated im- 
munity. 

In Qontrast, we found sizable expansions of Mage-3Al- 
^kedflc CTL precursor in PBMCs from a majority (8/1 1) 
of patients (P < 0.008; Fig; 4). This is an important proof 
of the principle of DC -based immunization, and it is also 
sigcUflcant from the point of view that tumors can induce 
■ tolerance or anergy. It is veiy promising that CTLp expan- 
sions can be induced in far advanced and heavily pretreated 
stagie IV mdanonut pattents: However, active Mage-3Al- 
^pedflc effectors were generally not observed In ELISE*OT 
assays, except for in two patients with high frequencies 
{>5.000/l0' CD8^ T oell^. Perhaps acUve CD8+ effectors 
were rapidly sequestered in the numerous metastases, as 
suggested by the biopsy studies illustrated in Fig. 6. An al- 
ternative explanation is that looking for effectors in periph- 
eral blood 14 d after a preceding vaccination might simply 
be top late. 

■ Interestlngly/in six patlenb. CTl^i had in<^^ 
highest leveb afte^^ the ttiree Intracutaneous vaccinations 
(P < b.(K)l3) and ttttn decreased (P < 0.026) with subse- 
quent intravenous immunizations (Fig, 4). The decrease in 
Clip might be due to emigration of activated Mage-3- 
reactive CTLs Into tissues, tolerance Induction, or clonal 
exhaustion via the intravenous route. We also observed de- 
creased r^pbnses to recall antigens in the five patients that 
we studied b^ore acKl after IntravecKius vaoclnation (Pig. 3). 
The. effect of the intravenous route requires additional 
study, as It thay be oouhtefproductlve. In contrast, our re- 
sults dearly demonstrate that the intracutatieous route Is ef- 
fective, so that the less practical intranodal Injection propa- 
gated! by other investlgatiors (1 1) does not seem esserttial. It 
wllL however, be necessary to compare subcutaneous and 
intradermal routes to find out if one is superior. 



We found regression of Individual metastases in 6/1 1 pa- 
tients when patients were staged 14 d after the fifth vacci- 
nation Cr3^>le I). This percentage of responses was unex- 
pected in fa^ advanced stage IV melanoma paUents wtio 
w^ ail progressive despite standard chemotherapy and 
even chetnoimnniunotherapy. In the stxidy by Nestle et al. 
(tl), chemotherapy was only given to 4/16 melarKima pa- 
tients, and objective tumor responses were observed in 
5/16, Tiierefore, we attribute the regressions to DC-tnedl- 
ated Induction of Mage-3Al-specific CTLs- This interpre- 
tation is supported by tt*e iieavy infiltration with CD8^ T 
cells of regressing but not nonre^ressing (skin) metastases. 
The otwervation ttiat all of the metastases In patients 06 and 
08 tiiat wer« excised at the end of the study were Mage-3 
mEWA" (whereas those removed at tlie oriset were uni- 
formly positive) suggests immune escape of and selection 
for Mage-3 andgen-negative tumors- Inunune escape 
might also fiave i>een responsible for tiie lack of tumor re- 
sponse in those tK>nrespond«s that had tnounted a Mage- 
3Al-^peciflc GTL response. 

After the end of the trial, surviving patients received fur- 
ther vacdnatloru with DCs and several tumor peptides 
(Mage-I. tyrosinase, and Mage-3) that were no longer part 
of the protocol. It Is erKOuraglng that 5/1 1 patients are still 
alive (Table 0 9-17 mo after study entry, as the expeaed 
median survival In patients progressive after chemo(lm- 
muno)therapy is only 4 mo (29, 30). One of the bilttal re- 
sponders t^^tient 06) has recieiTdy experienced a complete 
response and has now been disease free for 2 mo. It is inter- 
esting that MarcharKl et al. (14) have also observed that re- 
gressions, ortce th^ have started, piroceed slowly and may 
take tnonths to complete: 

In conclusion, the use of a defined DC vaccine com- 
bined with detailed immunomonitprlng provides proof that 
vaccinaaon with mature DCs expar>ds tumor-spedfic T 
cells In advanced melanoma patients. In addition, we have 
found some evidence for the direct interaction between 



1676 Deodritlc Cell Vaccirutlon of Stage I V Melanoma Patients 



CDS* CTLs and tumor cells as well as for escape of antigen- 
negative metastases. We are convinced that DC -mediated 
Immunization can be Intensified further to reveal the pres- 
ence of expanded populations of effector cells. Efficacy might 
be Increased at the level of the DC, e.g., by optimlaUng 



variables sudi as DC maturatlonal state, route, dose, and 
schedule or by improving the short life span of DCs In vivo 
(31. 32): at the level of the T celt e.g., by providing mela- 
noma-specific CD4+ T ceU help (33. 34) or 11-2 (35); and 
by treating patients earlier in their disease course. 
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The rcspo nsc o r niuri no T cells to MJICclass II dclcrminanls on allogeneic cells induces helper 
T cell activation anil Ihc development of cytotoxic T cells. NVe have recently established that an 
*V-adcnosyl-L-homocyslcinc hydrolase inhibitor, (Z)-5'-fluoro-4',5'-didchydro-5'-deoxyadcnosinc 
(MDL 28,842). is a potent immunosuppressive agent which selectively inhibits T cell activation. 
J n this report we characterize the efTect of MDL 28,842 on in vitro zn^ in v/vt? models of transplant 
rejection. In vitro. MDL 28,842 inhibited the generation of cytotoxic T cells in the murine mixed 
lymphocyte reaction with an ICjo of less than 0.1 ^M. MDL 28,842 (1.0 ^iM) totally inhibited 
the generation of cytotoxic T cells when added up to 3 days after the initiation of culture with 
no apparent cell toxicity. /// vivo, MDL 28»842 given by gavagc at 5.0, 2.5, or 1,0 mg/kg/day 
inhibited the increase in popliteal lymph node weight induced by injection of allogeneic spleen 
cells into the footpad. MDL 28,842 was also evaluated in a model of graft rejection. Skin allografts 
on animals given MDL 28,842 at 5 mg/kg/day (ip) for the first 6 days following transplantation 
survived for 12.2 days, compared to %.l days for control animals. Cyclosporin A (CSA) given at 
5.0 mg/kg/day did not prolong graft .survival. The combination of MDL 28,842 and CSA was 
flol any n^orc ctVcciive ih;m MDL 2H.842 alone. Based on these findings, we suggest thai MDL 
28,842 is useful in the prevention of allograft rejection. © I99j Academic Press, inc. 

INTRODUCTION 

The immune response ofT cells lo foreign MHC determinants is the basis for 
transplant rejection (1). Agents which inhibit T cell activation, such as cyclosporin A 
(CSA) and FK-506, are effective in preventing allogeneic graft (allograft) rejection (2, 
3). We have recently demonstrated that a potent irreversible mechanism-based inhibitor 
of .V-adenosyl-L-homocysteine hydrolase (AdoHcyase), (Z)-5'-fluoro-4',5'-didehydro- 
5'-deoxyadenosine (MDL 28,842) {4, 5), selectively inhibits T cell activation and the 
production orinlerlc\»kin-2 (6). Although the precise mechanism by v^^hich this com- 
pound allccls 'r cells is unknown, MDL 28,842 increases the intracellular concentration 
of 5'-adcnosyl-L-homocyslcinc (AdoHcy), produced during the metabolism of 5-ad- 
enosylhomocystcine (AdoMet) (7). AdoHcy is a feedback inhibitor of the AdoMet- 
dependent transmethylation of a variety of biomolecules, among them nucleic acids 

' To whom correspondence should l>e addressed. 
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and proteins (8-10), and therefore could affect lymphocyte activation. In humans, a 
congenital deficiency in another enzyme in the pathway of AdoMet metabolism, aden- 
osine deaminase (ADA), results in severe immunodeficiency, with the most consistent 
feature being T cell dysfunction (11-13). MDL 28,842 inhibits T cell activation without 
the toxicity associated with inhibition of ADA {14, 15). 

In vivo, we have recently demonstrated that MDL 28,842 is effective in two T cell- 
mediated experimental animal models of arthritis, collagen-induced arthritis in mice, 
and adjuvant arthritis in rats (16). In the present study, we demonstrate that MDL 
28,842 inhibits the development of cytotoxic T cells in the mixed lymphocyte reaction, 
an in vitro correlate of transplant rejection. In addition, we demonstrate that MDL 
28,842 inhibits the T cell response in the draining lymph nodes of animals immunized 
with allogeneic cells. In addition, MDL 28,842 is more effective than low-dose CSA 
in prolonging allogeneic skin graft survival in mice. 



MATERIALS AND METHODS 

Animals. Inbred mice, C57BL/6 (H-2^), C3H/HeJ (H-2''), DBA/2 (H-2^), and BALE/ 
C (H-2**) were obtained from Jackson Labs (Bar Harbor, ME). 

Reagents. CSA was obtained from Sandoz (Hanover, NJ). MDL 28,842 was syn- 
thesized at the Marion Merrell Dow Research Institute (4, 5). 

Generation of cytotoxic T cells. Spleens were obtained from C57BL/6 and DBA/2 
mice and single-cell suspensions made in Hanks* balanced salt solution (HBSS, calcium 
and magnesium free). Erythrocytes were lysed by treatment with Tris-buffered am- 
monium chloride (0. 1 55 M \^H^C\, 0.0165 M Tris, pH 7.2) at 37"C. The stimulator 
population (DBA/2) was irradiated (3000R) and both responders (3 X 10^) and stim- 
ulators (3 X 10^) were cocultured in T25 fiasks at 37°C, 5% CO2 in RPMI 1640 
containing 10% PCS and 5X10"^ 2-ME (CM). MDL 28,842 was added at the beginning 
of culture or at times indicated. After 5 days, viable cells were recovered and assayed 
for cytotoxic effector cells in the ^'Cr release assay. 

^^Cr release assay. P815 tumor cells (H-2*^) were used as targets. The cells were 
labeled with ^'Cr (10 /xCi/lO^ ceUs) at 37°C, 5% CO2 for 1 hr in CM. Washed target 
cells (10"*) were added to effector cells (in triplicate) in a 96-well round-bottom plate 
in a final volume of 100 ^il. Effector: target cell ratios began at 25:1. The plate was 
centrifuged at 50^ for 5 min and incubated at 37 °C, 5% CO2 for 4 hr. Target cells 
were incubated with CM alone for spontaneous ^'Cr release and with 1% SDS for 
maximal release. Following incubation, the plate was centrifuged once more, the su- 
pernatant fractions were collected, and released ^'Cr radioactivity was determined in 
a Beckman gamma counter. The percentage specific lysis is expressed as: 

^ Experimental cpm released - spontaneous cpm released 
maximal cpm released - spontaneous cpm released 

Fluorescence microfluorometry. CD8-positive cells were stained with a fluorescein- 
ated anti-Lyt-2 antibody (Becton-Dickinson, Mountain View, CA) and analyzed on 
a Coulter Epics C (Hialeah, FL) flow cytometer. 

Popliteal lymph node assay. Spleen cells from BALB/C (H-2^) and C57BL/6 mice 
obtained as described above were irradiated (2000R) and 10^ cells from each strain 
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(in 50 p\ PBS) were injected subcutaneously into each hind footpad. Seven days later 
animals were sacrificed and popliteal lymph nodes (LN) were removed and weighed. 
The net LN weight represents the weight of the LN draining the footpad injected with 
allogeneic cells minus the weight of the LN draining the syngeneic cell-injected footpad. 
MDL 28,842 at the indicated doses was given orally beginning 1 day prior to the 
spleen cell injections and continuing daily throughout the study. 

Allogeneic skin transplantation. Skin from C57BL/6 or C3H/HeJ mice was trans- 
planted onto BALB/C mice using a free skin grafting technique (17). Recipient animals 
were given compounds, intraperitoneally, 1 day before transplant, the day of transplant, 
and daily for either 6 days or until rejection of the graft. Mice were monitored daily 
for rejection. Rejection was determined by observation in situ and grafts were consid- 
ered rejected when at least 50% of the graft's epithelium was visually destroyed. In 
addition, a representative graft from each group was prepared for histology and ex- 
amined microscopically for rejection. 

RESULTS 

Effect of MDL 28,842 on the generation of cytotoxic cells in the mixed lymphocyte 
reaction, MDL 28,842 was added to mixed lymphocyte reaction cultures at the in- 
dicated concentrations at the initiation of culture. Five days later, viable cells were 
harvested and cytotoxic T cell generation was measured by the lysis of ^'Cr-labeled 
target cells. The results are presented in Fig. 1. MDL 28,842 was a potent inhibitor 
of cytotoxic T cell generation. The IC50 for this activity was less than 0.1 fiM. The 
decreased cytotoxic T cell activity observed in cultures incubated with MDL 28,842 
correlated with a decrease in the percentage of cells in the cultures expressing CDS, 
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EFFEOTORTARGET RATIO 

Rg. 1. Inhibition of cytotoxic T cell generation in the MLR by MDL 28.842. Cultures of C57BL/6 spleen 
cells (H-2**) and irradiated DBA/2 spleen cells (H-2'') were incubated in the absence of compound (^), or 
in the presence of 0. 1 (□), 1 .0 (^), or 10 fiM (■) MDL 28,842. Cytotoxic T cell activity against *'Cr-Iabeled 
P8I5 tumor cells (H-2**) was measured 5 days later. 
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the cytotoxic T cell phenotype (data not shown). In subsequent experiments, MDL 
28,842 was added after the initiation of culture to determine how late the compound 
could be added and still be effective. As shown in Table 1, the addition of MDL 28,842 
( 1 .0 fiM) up to 3 days after initiation of culture completely inhibited the generation 
of cytotoxic T cells. When the compound was added on Day 4 of the 5-day culture, 
cytotoxic T cell activity was observed, but it was substantially lower than the controls. 

Inhibition of allogeneic response in the popliteal lymph nodes, BALB/C mice were 
dosed with MDL 28,842 by gavage at 5.0, 2.5, or 1.0 mg/kg. One day later they were 
injected in the footpad with 10^ irradiated allogeneic (C57BL/6) spleen cells. The 
contralateral footpad received 10^ irradiated syngeneic spleen cells. Mice were dosed 
with MDL 28,842 daily. Seven days after immunization, popliteal lymph nodes were 
isolated and weighed. In this assay, the weight correlates with the number of mono- 
nuclear cells and is related to the ongoing host versus graft T cell response (18, 19), 
The results are shown in Fig. 2. Treatment with all of the doses of MDL 28,842 
inhibited the in vivo enlargement of the popliteal lymph nodes in response to allogeneic 
cells. Although the mean net weights observed in each treatment group suggests a 
dose-response, the groups were not significantly different. At the concentrations tested, 
all were potent inhibitors of this T-dependent response. 

Effect of MDL 28,842 on skin allograft survival. Mice (8 per group) were given 
MDL 28,842 or CSA at 5.0 mg/kg (ip) beginning 1 day prior to skin transplantation 
and continuicg for 6 days. The results are shown in Fig. 3. Control animals rejected 
skin grafts by an average of 8.7 days after transplantation. At 5 mg/kg, cyclosporin A 
had little effect. In contrast, MDL 28,842 prolonged skin allograft survival, with re- 
jection delayed until 12.2 days after transplantation. Interestingly, mice given both 
MDL 28,842 and CSA rejected skin transplants earlier, on average, than mice given 
MDL 28,842 alone. 

TABLE 1 

Inhibition of the Development of Cytotoxic Effector Cells by MDL 28,842: Effect of Adding the 

Compound after Initiation of Culture 

% Specific lysis'" 
Effectortarget ratio 



Experimental 
group'' 


Compound 
addition* 


50:1 


25:1 


12.5:1 


6.25:1 


C57BL/6 




0 


0 


0 


0 


C57BL/6 X DBA/2 




52.9 


65.3 


52.9 


25.2 


C57BL/6 X DBA/2 


Day 0 


0 


0 


0 


0 


C57BL/6 X DBA/2 


Days 1, 2, and 3 


0 


0 


0 


0 


C57BL/6 X DBA/2 


Day 4 


30.4 


25.7 


10. 1 


1.3 



" C57BL/6 spleen cells were incubated with irradiated DBA/2 spleen cells for 5 days at which time viable 
cells were harvested. Recovered cells were incubated for 4 hr ai 37*C with ^'Cr-labeled P8 1 5 tumor cells 
(H-2**). 

* MDL 28,842 (1.0 piM) was added at the indicated times after the initiation of cuhure. 
^C57BL/6 spleen cells were cultured with ^'Cr-!abeled P815 tumor cells at the indicated effectortarget 
ratios. 
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Fig. 2. MDL 28,842 inhibits lymph node enlargement stimulated by the transfer of allogeneic spleen 
cells. BALB/C mice (H-2*') were injected with irradiated C57BL/6 spleen cells. Compound treatment was 
begun I day prior to injection (A^ - 6/group). 



DISCUSSION 

Inhibition of T cell activation, by agents such as cyclosporin A and, more recently, 
FK-506, has greatly increased the survival of tissue transplants (2, 3), although these 
compounds are not without side effects (20-22). MDL 28,842 is a compound which 
has been demonstrated to selectively inhibit mitogen-stimulated T cell activation in 
vitro and T-dependent antibody synthesis in vivo (6). In addition, MDL 28,842 is 
effective, both prophylactically and therapeutically, in the treatment of collagen-induced 
arthritis, a T cell-dependent experimental model of autoimmune disease (16). The 
precise mechanism by which MDL 28,842 mediates its effects is unclear. The com- 
pound was designed as a potent irreversible inhibitor of AdoHcyase, an enzyme in 
the pathway of i'-adenosylmethionine metabolism (4, 5). Inhibition of AdoHcyase 
results in an accumulation of AdoHcy and the feedback inhibition of methyltransfer- 
ases. These are involved in the methylation of a number of intracellular constituents, 
among them messenger RNA, important for cell activation (7-10). Lymphocytes seem 
to have a greater requirement than other cell types for methylation (23). There are 
other possible mechanisms by which inhibition of AdoHcyase could inhibit T cell 
activation. Depletion of homocysteine, the product of AdoHcyase-mediated reactions, 
would indirectly inhibit nucleotide synthesis by preventing the conversion of 5-meth- 
yltetrahydrofolate to tetrahydrofolate (24), which is required for folate-dependent pu- 
rine and thymidylate synthesis (25). AdoHcy, which builds up in cells incubated with 
MDL 28,842, is also an inhibitor of PI synthase and therefore could inhibit second 
messenger signaling early in T cell activation (26). This possibility is not likely, since, 
in this report, we have shown that MDL 28,842 is effective in inhibiting the devel- 
opment of cytotoxic T cells in vitro when added as late as 3 days after the initiation 
of a 5-day mixed lymphocyte culture. 
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Fig. 3. MDL 28,842 prolongs allogeneic skin graft survival in mice. Comparison with CSA. The rejection 
of skin from C57BL/6 mice transplanted onto BALB/C mice was delayed in animals treated with MDL 
28»842 at 5 mg/kg/day ip for 6 days compared to controls. CSA at 5 mg/kg/day ip did not prolong graft 
survival compared to controls and' did not enhance the effect of MDL 28,842. (A^ = 8/group). 



fn vivo, MDL 28,842 also inhibited aJloantigen-mediated T cell activation. The T 
cell dependent host versus graft response in the draining lymph nodes of mice injected 
in the footpads with irradiated allogeneic cells was reduced in animals treated with 
the compound. In addition, MDL 28,842 was more effective than CSA in prolonging 
allogeneic skin graft survival in mice. Preliminary studies suggest that MDL 28,842 
also inhibits heart allograft rejection in rats (unpublished observations). The data pre- 
sented previously (6, 16) and in this report demonstrate that MDL 28,842 is a potent 
immunosuppressive agent which inhibits T cell-mediated responses and may be useful 
in the prevention of transplant rejection. 
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JOVEL IMMUNOMODULATORY COMPOU^ 
H CSA IN SUPPRESSION OF 
AND ALLOGENEIC SKIN GRAFT REJECTIC 

FUNG-1.KUN0.' L. POPK. EUIKA CHOUimOUZIS, ^''''l^;^^^^^^^' ^„ 



K.W. JoAm^on PAarm.rcuricaJ ^e.«<ircA In.iUufe. Don. Milh.; Ontario MIC 1L9. Cano^-n 



Tci^xalln, a dual 6-lip<«yi;enftso a»id cyclooxygcn- 
asc Inhiliilor with iionsteroldrtl anCunflnmmRtory cf- 
fccls. luvi recently been fihown to jmppress NFkB 
transacHv&tion and inhibit T cell prolireration via a 
mocl.anism very different from cyclofiponnc (CsA). I»i 
tliU rcp4>i*t, wo demonstrate that this novel imnmno- 
snpijnWRitfc effect of topoautlin Is manifeKted in in vivo 
trftnMilftntjition models, Tcpoxalin supprcsiied munnc 
<n»locn cell proliferation in a mixed lympliocyta reac- 
tion (MJ-m witli an IC„ of l.S ,iM, Conduunistration of 
tfpoxalin aiid CsA in MLR cultures showed an addi- 
Uvc inhibitory effect. Oral admrnislmtion of tepoxalin 
at J 2 m^/lig/day to mice suppressed local yraft-versu-v- 
Ko9' (GVTO responses by about 40% (n=10). Combina- 
tion of topoicalin and CsA at suboptinxal dosca syner- 
Uijcfil their Intmanosupproasive effects on GVH 
rcspons<ts (o=20). In skin transplantation, the median 
survival time of allogeneic l»AI.B/cnyJ (H-S'') mouse 
4kin grafted onto C3H/HeJ (H-Z") inico was 10.6 days 
(n=S). and was prolonged to 15.0 «lay8 (n=9) for recip- 
ient iftlco adminLslorod tepoxalia nt SO mijlcg/day. C,o- 
aduilnistraiion of saboptimal dofie.«i of tepoxahn (l.-.rj 
mcrttffi/day) and CsA (50 mg/lig/d«y) prolonged skin 
ijraffc r««j«slion3 dramatically (55% of the tfraftfi sur- 
vived for more than 40 days, n=9). Taken togeth<^r, 
ftcstt rosultfi demonstrate that tepoxalin is a rotent 
immunomodulatory compound that, when combined 
with CsA, provides synergistic immuncsuppresslve ac- 
tivity. Thh fact that tepoxalin and Os\ act on different 
Irsvifteriplion factors, NFkB and NFAT respectively, 
raifiUt fitpUun the synerpi«Uc Kupprcsaive effocts 
when both eompotmds were used. Tepoxalin could be 
an Important addition to the cohort of immunosup- 
jirc-rtfiivo therapios currently used in solid orjrun a«id 
bona morrow tranaplantotions. 

'ilio imniunfc response in InmspUhtation, wl«'ch results in 
jfraft rcjflution and praft-v«rsuft-ho3t (GVM)* .-cisponse. is pri- 
lajirlly trifcorcd by T cells Uirout'h recognition uf alUmnti- 
f.'&v.ii (1-4). Ruppr<!ii9ion of immune response could be 
nchiovcd using agents inlcrrcrinu with T celt activation and 
fclTci^tor functions, 'fl^o use of cyelosporinc (C.mM as ,in innrm- 
nosijppre^sunt in trnnsplanL.'iMon has l<!on documented (5, 
<;) C<A inliil-its T cell KClivalion by inhibiting the nuclear 
trsr.aloMtion of the nuclear factor NFAT (7, S). However, 
CsA bM aftHOciatcd toxicities and aide efforts when used at 

» .\(Ur* :a cnn-w-.poT«<l«nco to Ih: Woi-Piuff l'-ai>c-l^i"2. 
JohrL>>Ti riinrmaccuticalKcMurrh Institute. 3G35 G^vncrAl Atoiruco 
Cuiirl. Suite TOO, San Dlu«a, CiiKfornia 9212 J.. 

• Abl-rHvi«Unns: CsA. cydospnri/ic; CO, cydooxyecnnsc; GVM, 
er«n-v<..rbu':'liO-'«t: I.O. 5-linosyiTcnasc,- MLH. wi-ccd lymphoc>ic re- 



thorapculic doses i.9). Compounds that suppress T ccU-rac- 
diatcd immune response with mechanisms different from 
tliat of CbA will undoubtedly be valuable additions to the 
colwrtof the cun entreuimentfl. 

Tepoxalin (5[4-chloropbonyl]-N-hydroxy-t4-mcthox>-phc- 
r,yl)-K-methyM-H-pyraMle-3-propanamide) wa^; discoveru'd 
oriffinally as a dual inhibitor of S-Upoxyt'enaso (LO) and 
cyclooxj'genasfr (CO) and exhibits potent nonsteroidal antim- 
Ilainmatory acUvitics iii aniiiial models of adjuvant arthn Us . 
(20-22). Relleritly .wc found tliat tt^ftox-tiiji *1ko mlnhiti: 
0KT3-induced T cell proUferalion via a mechanism very dif- 
ferent from that of CaA (13). CsA is known to Wock ^^-2 
production aOcr octivation of T cell.<: throufh TCR/CD3. 
whcrca.9 tepoxalin inlubit3 ll^2 induced signal Ironi^duction 
(13) An in-dvpth investigation of the mechani.=:m of action 
reveals that tepoxalin inliibits predominantly NF«B activa- 
tion (W. wberf^as CsA is most effective in blocking NFAi 
transactivalion (7. 8). Because of these different rnochamsm 
of nctions, a possible addiUve/synergistic effect of the com- 
bined tepoxalin find CsA treatment is expected. In thi.«s re- 
port, we dcmonstrato that tepoxalin is indeed efi«f^;ve in 
suppressing mixed lymphocyte rcacti6n.s (MLK), GVK re- 
sponses, and alloffoncic skin graft rejections m mice. The 
synergistic clTect of tepcKalin and CaA in immunosuppres- 
sion wns also studied. The possible inechanisin of tepoxalin in 
immunosuppression and its poUritial clinical application are 
discu.«!scd. 

.: MATERI.Mi? AND METHOPS 
Mice. InJ.r<id- 057Br76J, Cari/IfoJ. and BALB/cHyJ mice fli.d 
UenSFi/J mice wore obtained from the Jackfma Lnboratory (IJar 
Harbor, ME). ThoKC uaod in cxperim«nU were m.-vlc mice at alioxu 
S-10 weeks ofagetiiatweichcd 18-25 ga. 

Preprj-ationof.knteampouHds. Tepoxalin. naproxen, sndiikulon 
were aynUiosiwd by the R.W. Jolmson PhsnoaMutical Kesfurch 
Institulo (R»rilin, NJ). CsA (.Sandimmune i.v.) was from San.l«z 
(Quebec. Canada). For M(R exp<trimcnts. stock f.oluiions of t^pox.i- 
lii, naproxen. . and zikul^a were rrcp..red in DMiO at 30 mM ar.d 
diluted Lo v-orfcinc concentraUoM in cultum medium nt the time or 
cxpcriraent-i.Tj.KlSO at concentrations equivalent to thn.so of Uto test 
compounds w*rc u-»ed ak controls in MLR na-iy-"- ForcxpcnmeqU of 
GVil responscfi and slOii graft rejccfciona. microniz.ed l-;poxalio D'.irt 
naproxen v.-crc suspended in 0.5% racthykelluloHu (Sigiaa. l^u-.a. 
MO) at conecntratinns ofS mc/ml or lower. Tho vehicle control v/i3 
the eouivelont volunte of 0.5% n.L-LliylccIlulo.ie. Zileulo.v was di.v 
solvLvd in 50%f oly«thylcno glycol 2O0 (Sif^mu. Sv. Uuis. MO), ft:id 
the Mitespcindirii.r vehicle control v,a6 the wjuivaleni volu.tic of po:y- 
cthylnno eljrcitSOO. C.-A was diluted in snhne. All compcund?. w.rc 
dissolved i^i vehicle just prior to odminiatration to in.cfl at volumes of 
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lA;r,phr^yb'. JTcH^-rution awfi^-.. Singlc-c-^ll su.<=pcnaioM from 
,„ou' c washed on=^ wilh «nd i^.iu.Knd«d,n 

CSTFit^y miw (H-a'-) woro stiamhtoH by 2.S>:l.0;.n'.d.uted (2000 
raJr.^ ^-pVcn cclh from PCmP./J nucc UI-U'"^ - rCspnuHcr 
the EiimulaUf ccH« w«^c coculU.rca in 2f.O /'l «>od.«m co„t«.mns 
various ronrentral5«m. otUie tp«t«d eompoanda ,n Ac 96.u;c11t aU.' 
(rmmd hotUml wells, OnninR Irtc, NY). Aft^r 5 cUy« of •■'tjmuUuon. 
'JMhymidinc waa added to tht cuUnrea (0.5 „Cx P^^ ^^5: 
rb5<^ wore h3r«caU>d u.«nij a TumUx IIn,v..>:U.r 56. MACIl H 
( I'omlec Inc.. Oi iMiec CT) and 6.....plc3 w^-re or^nl^d uy C a W allac 
) an.'? ntUipbte ocintfllation coantCT a'ba""'«ia. Upps-Ma. Swtuciy. 

a« BiVtf.f/iry fc'st Cell viahiUty wni mscwed wi'h "1 f assay. 
.SpK-.n rrlU fmn C57KU6.I mice vcrc prep.nrHil m RPMl 1C40 mc- 
rfinm 5upplc.ncnted v^ih 6% fctal Lovitia svrum ond 60 2.mcr- 
cnptocthAfiol. Spleen cclU (2xlOVwoU) were Ghmubled wth .mmo- 
bilir. d anli CLW (PlmrminKcn) in the pwMucu of toijox-iUn or U. 
vclwlc riMSO in 9G-wrU culture pUtea (Cotninil Inc.. NY). 1 he MTJ 
fl,««y wa. conducted by iming the CcUciter 9(5 kit (Promop Corp.), 
whith i.-. bADCd on tho cenveroioii of a tclraMlium ssU by Naablc ccll.-J 
into a det^-tlftWo Wuc formn?.ftn. 

Crfl,Vr«r««s-/.<«c fc«fffon«. The CVII a^y «aa br.Med on 0,e 
n,/=t)>od cfDorsch and no«--r (/S). Spleen c^lb ff^-n CSTJ^^ "V^^ 
wcHV injr^tcd snbmilancoitaly jntn tb<; footpads of n6D2^« mw«. 
"Kach f^Lpad v/M injected with 8X10* cpl.ioi "iHf in 50 j;J. Seven 
days Littr. the d«lninir -popUu-.al lymph- nixk-s . were romoypd, . 
triirmod of ft.t «nd weighed. Micfi injecLca in tlw fnolpada xxith saline, 
werr uP4,d as nu-cstive conLruls. Ly^nph nod*s of tl>ese mice wer« 
iitdiiitinm.i^hftMft frftni Uio&o it\3<5'f«l wiUi synccncic eplccn ctlU. 
Tffwnfnlin i^'as administered orally .ind CsA w.ts eivw' lubcuUns- 
ou'sly to uiiec d.iily «i,u-i«d ono dny hofore rot.< p.-.d irdfchon unless 
oOif rwi.-» apecifiod. .,tv 
Sklr^jimfi irmsp!anMhn. CSWiM mico ai-S") wore ane.a.o. 
Cir.cd by intraperitoneal injection of 2.5% ftvx-din (0.OX6 niVg body 
wei. U). A crf^WnB t";J (al'out 0-1 emXl cm) on lh« raouso tail was 
pmi.ired by pceUiiC olT akin enrorully to avoid l.kedine. Tail .^It.n of 
'ur«il,)r bUe was peeled from BALlVclVJ (H-a") and then placed 
over tlie p^ft site in nx\ opposiK- oricnlution BCcordinR to the hair 
•n-owth <)irfctit.n. TliC p-nfted skin waa proteolx^d by a plastic tubing 
(di-inwler 0.-0 cm. JeiiBlh 3 cm) l.Md in pUice by wound clips for 5 
d.iT? Slun trrf Os wuro examined and scflred daily- A ffraft was scored 
(iR l ^iiip rejected when niore thim 80% of the Rnili was necrohc C>iA 
v<an eiven BubcMtar.TOudy to mice d.iily htiirUnc one dny before skm 
trar.fipUTitolion untU rejection ofKrafia. Topoxnlin was tarcn orally 
ono ri:iy bi-forc tranaplnntntion und then daily iduning one day afl^r 
Lniiifipb/itation until Rrafl rejection. . 

/J„/a pmenlation and ifaUstiriL Dnt.-v were fiwilyxcd using ono- 
tailod Ounnutfii teats. A [.nraTm.lric version w«« used if dat.i were 
ricrmHlly dlvttihut<'d a« fi.sye«icJ hy the Wtlk-Sl^apiro U^i- Data 
v.liich did not meet the assumptiona of normnlity wnru U:sied usinu 
a nonporunielric version of the Dunnotl's test. 



RKSUI-TS 

IrJiibUion of MLR prolifvn<von& by tcpoxaliiu Wc recently 
n'pf.,i^«.l that tcpoxalin supprcs.-ics T cell iiroHfcration and 
irildbits the activity of ihotran-scription fnctor N1="k13 (13, 14). 
T iuA\ nctivation and prolifcraticiii nrc critical for the imtia- 
lioti of an an liGen specific in.tnune rMpoiise. Tlie transmp- 
tio-i fatter NPkB i.? also known to be involved in rcguUtinc: 
iho expriJiision of many tarj-t/t cenc"; in an imrannc response 
(IC. 17). Tha poRsibleinimunoaupprcssive effect of tcpoxalin 
W.W thcrrfore studied. To dctcnnine whether tepo.Kalm is 
cap:»l.lc of inhibitinc Uie immune rcsiion^o ogain:5t allonnU- 
Uew. tcpojoilin at various concentrations Wfi5 tcisted in W l.h 
l>rolif<-.rAUon as.<)ay8. Tbo n.^say waa set up by sUmulatmu 



C57RL/f).J (H-2'') mouse spleen cells wth iiradiatoJ 
BGD2F,/J (Ti-2'''"*) mouse spkon cells. As shown m Fignre i, 
tepoxalin inhibited coll prollfcraluon in a doso-dcpendent 
f Jhion with an IC^o of 1.3 iM. Tltc irJuLitory effect was not 
related to cell tnricity. Tepoxalin at concentrationfi ot 2o ,/M 
or Icsa did not affect the viohiUty of anti-Om stimulated 
mou.'^Q spleen cells after 24 hf of treatment (Table 1). Smcc 
tepox-ilin is a dual CO/LO inhibitor (10), lie posfiible link of 

fiupprcssion of Ml.U proliferation to iU inhibition of 
and/or LO -was studied. To addrcsa this qxiestion. the well- 
known CO inhibitor naproxen anci the LO inhibitor jJcutcn 
were tested in paraUel at doeea 10-fold hiffher than thcit lt,.o 
for suppression of CO or LO in mice, respectively. Neither of 
these compounds, nor the combination of botJi of them, had 
an inbihitoiy effect on MLU proliferation (Fig. 1). _ 

To further understand the mecbanifim of action of tepnx-i- 
Hn the kinetics of tepo-xalio in inliibiting MLR proliferation 
wa'a eompared to that of the kiiown immunosuppresssaivt. 
Ca/V. As shown in Tabic 2. the inliibitoiy cflx-ct wa.-: not 
diminished when tepoxalin was added 24-72 hr after t!ic 
initia tion of MLR. In contract. CsA was effective only if it was 
added at the betjinning of the coculturcs. J:o dclcrrmnc 
whether tcpoxalm and CsA were synerRislic m inhibiting 
-MbR proliferation, the two agents were tested in combma- 

■-tion. Tepoxnlin at 0,6 mM. i m, .or ^ vf«''^f J*.'* 
combination with varyinc concentrations of Qsh 2). U>A 
alone inhibited the response in n dosc-related manner -with 
an 1C.O of 22 nM. Tcpoxalin elono inhibited proliferation by 
2C% at 0.5 fiM. by 55% at 1 ,tM, and by 87% at 2 /iM. When 
tepov-alin and CbA wero present at BubopUiiL-il conecnU-a- 
tiom. the inhibition ^vas clearly additive. This odd-tivo effec 
was loss Kignificant at concentrations of the two drugs that 
were strongly inliibitory on their own. 

SupprccRion ofGVllnBponsciy hy tcpoxalin. The ""'^"''-o- 
suppressive offcct of tcpoxalin as dcmon.strated m Ml.R as- 
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PiCURR 1. Inhibition ofMLRproliforationf; by U4po^aUn.Sp^^^^^^^ 
from C57EL/&J nucc were cocuUarod in tflpHcAte wfelU wUh ircili- 
aUd apWr.n colls from B6D?Fx/J nV.ce 5im d.iacribcd iti mUnah end 
Methods. V^nryinc concmtraUons of topoxalin, n:iproxan, tflcyaU)r.. or 
nrtpro^ren + r^M u'Cro :.ddod to Uie culture, it tbo .t>jt..it>on c 
cultures. =I[-iiiymidinc upLnkn ^.as crtcotiurcd on d?^y <5 ^-'^'^^^^^ 
cuhurcfl contained DMSO diluted ia a wianm^r fJmiUir U tJint or the 
compounds. UpULJoi of ^H-th>inidine in vohicic contro s wo., n^jout 
90 000 cpm. Perccnt-^CPS of control responses are cnlculuted as per- 
a^U.^es of (cpm of treated cultnrcft/cpm of vehicle controls). 
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TAnf.B \, llio cficclivQ doiii'a of tcpnvAUn in immunosupprcsijion is 
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ViaUiliLji of ayitvCna stimiilatod C57BL/'aT ^pl^en cells tronud 
wilh Lci>OJt«tlii\ fur 2-1 hr wns tcstod in the MTl' viabiVay assay, 

^ 0<»1I vialnlity prcKerit^'fJ an the percentage of viable cells m 
topozaUn trr.'^lad anmplc compiircd wiUi that ti-Antrd V'ith an cquiv- 
a'cr.t Dniount or tK<; vehicle, DMSO. 



TahU'I 2. [nhiMtory cfEcd of k»po.<ft]in nnd CsA on MLR prolifera- 

. t;ioni5 {% control rcfiponaGV' 
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DlOVi^id concenLr-itiong of compound« udJ(sl in MT^R ctilturos at 
riiflV-fCftt limo points wcix: fttudiecj. MI<U a,v*nj?s were act up as 
di*,^cnbcH in Klattiriaf^ and McUiCxh. The MLR prolifentions irtztcd 
wit.il compound.'! wore comparc»d v/ilh thoir vcluclo control.s. 'H- 
Oiyinidim: uptiiko by proliferatiofr cells in MfiU aKwys was mca- 
£•01 cd. PtTcr/itagcs of Oinlrol rcspotwes are tulcuktird (is percpnt- 
s^'^i'Si ofCqiin of treated oilturca/cpm orvthido ciinlroUX 



s.ayj5 BuggOiJtB its potential upc as ixn iinniimosiippro.<;s-ant in 
clinical therapy. This pQ.^sihle appHcatiou VGriHed v/ith 
in vice* murine model of tranepl^intatiou. A local GVII re- 
spi in.V! was performed by iojcotin^ spleen cells O'om the pn- 
rentnl C57BCyCJ mice u\i^ the foolpndfl of B6D2FI/J 

fII-2**'*^J mice, OVil rcsponRCrs wore demon^:trntod by the en- 
Inr^cnicnt of the draining popliteal lymph nodes in recipient 
mice. The lymph nodc5 of n^cipienl inico increased signifi- 
cantly hy day 2 and continued Lo increuae in size >^'ith time, 
Th^ do^'iw of Ihc local GVII respoasc was measured by 
V5cif(luac (-l^c draining pnpUlcal lyniph nodcfl, Tlie lyrnph 
noAoi of lepOKalin-trcatcd mice did enlarpfe on d.iy 2 but did 
ncX chnnfTC significantly laler oh. After 7 days of the local 
GVII rc*«ponae, lyniph nodes from tcpox/iUn-treated mice 
wercftlighlly hypOiTJlastic, but were siKnificantly Ic^is so than 
that of the untre^ated controls (Fifif. 3A). GVH rospon-seH m 
ir.ice administered Icpoxalin orally a t 12-GO m^/kg/day were 
ie<luced by ?ihout 40% of that in tho po.'^iUve control group, 
CojisiyienL with the findings in niico, toj^oxalin was also 
cAoctiva in rwts, with a 30% flupprcsEion of tins local GVII 
rc-sponso ut 12 mg/Icg/day (data not ."^hown). The immunosup- 
profisivo atj^nt CsA ndmini&tored s\Tbfutancou.^ly to mice at 
CO and 75 )ng/k.i5/Jjiy was Rliown to 6uppro?;-S GVII response 
by and 71%, rer.peci-ively (Fiij.'Sf?). The results .sugijest 
lh.ittho immunoiiupprcssivo cfTect of Upoxalin at 12 mg/kg/ 
(lay is comparable to tliat of C<;A nt 60 m^'k^thy. To a.^.-c^.*? 
whclhoT the ialiibitory effect of trpoi:alin on GVII resporwc^; 
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FiGUIUi 2. AddiUve inhibito\7 effetUf of tp.poxnlin ond CsiV in Mf.R 
proliferation A, Proliferation of C57RI/6J imou^ie spleen cells afUr 5 
days fitirnulatJoa with iiTodiated BfiD2Fi eplccn cells in modjum 
contnininc tcpoxalin at O.fi pM, 1 (lM, aod 2 fi^f phis varying con- 
ccritraLiftjiii of OfA was aaaoyod as deacribed in Matarinh and Mrih- 
odi;. llic pfoUforative reaponsc in cultures coaUiubig no dm^ wn.s 
80,000 cpm. 

could be obtained with other CO or LO inhibitors, naproxen 
and zileulph wcro agaiatested in GVH npujays. No inhibition 
was sceriwilh zilcuton; ivaproxenvor a coml>rnation-of the tp/o 
compounds 3C). 

Since tepo.^alin appear,^ to kct late in MLR assays, the 
effect of tcpoxalin administered early and late in GVI-I re- 
sponses was also studied. Similar U) the finding^i in MLR 
proliferations, tci'voxalin given to mice for a minimum of 3 
day.s was sufTiciont to suppress GVH responses; to an extent 
similar to tho.<;e treated with tcpoxalin throujjhout the 7-day 
course of tho GVTI response (Fig. 4). l^his ?;hort treatment 
with tcpoxalin could be at tJio early (cby -*1 to day 1 or 4) or 
the lato (day A to day 6) stage of the GV?T response. Tlic 
inhibitnry effect of tcpoxalin at the late sl^ge 6f immune 
respon.^cfi fiugjfests its mechanism of <actiou to be different 
from that of CsA. The po.'?9ible Byncrgisnvia immujiosupprcfl- 
sion by tepoxalin and CsA was therefore studied in GVH 
astjays. A mucli stronger suppression of tho GVlI response 
wa3 indeed found in mice treated with both tepoxalin and 
CsA rather than those treated with either ono of the two 
drugs (Fig. 6). Thi.'J eynergi.<;tic effect was particularly signif- 
icant when a low dose of tepoxalin (6 ni(j/lcjj/day) was com- 
bined with CeA- 

Prolon^ation of allojp'aft survival by tcpoxalin. The 
time cooriie of skin aIlogn< ft rejection in mice is affected by 
the ciTiciency of the following two mechanisms: (1) the acti- 
vation of T celle tlirou/rh reco^jnition of 5:pecific alloantigens, 
and (2) the effector mechan)sin.q mediating tisu-ue di.struction. 
To study the effect of tepoxalia on akin allograft survival, 
experimental allogi-nft rejection, was perfornied by graflin£c 
allogeneic HALIi/cByJ (H-^i"^) mouse ti)l-.skin onto CaH/HeJ 
recipient mice. For the firat 6 days after transplanta* 
tion, allografb=: appeared normal ond their gro.^s appearance 
waa not different from that of syngeneic grafts. The rejection 
process became apparent by day 6, with signs of dwelling; ond 
erythema, and qiiicWy culminated into complete graft nccro- 
si.s. Different doses of tcpoxalin were tested in skin z^riti 
rejection as.says. M shown in Figure 6, rejection of alloijrafts 
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Ploui:P. 4. Efl-uclive siippresfiion of mouse GVH response by sh.-rt 
trPHUwmti wll>. Upoxalln. Tt.* GVIl rcspoflBC was induced by mjcc- 
i4on ofCGTBI^a pplem etUs into the footpads orii6T>2F,/J nuco and 
was measured by wciching the draininf; lyinph iu>dc-i M descnhco in 
Wrtteriafa W WwAo<i,n. Mice injected wiUi Balinc inatead of spU or. 
cells were upcd an ii-.r«tivc controls. Tcpocalin (25 me/kR) was lJ- 
ministcrcd omUy to mice at different tiiiie fichcaulua as ^hpwn. GVH - 

aJd as pMiHv<.. controls. Five mice were used pw Kroup. Tlic column 
bara repruacnt Iht standard mors. 



ConS.1 E»n.o*a »<"a<^ ^zZTn 

£0 mg/ko 

FIOUPK 0. Suppression ofOVilTc:5i)0ttscs by trpoxalin.MocnlGVTl 
mipoji^o was triefrered by aubcutcvnf^uy injcclioa of pnronUU 
0-.7ni^T epken callu into footpfliU of ItGDaPi^J mko. and wn,^ 
w.ciifliund by weighing the drnininK' lymijh iM^f^^ described in 
nrM'tiah and Mcthoffs^ Miw ir^^Kiort wiih i;nline wore ^^^J"^ 
nf^Ativo rontrola. Drugs were t'iviin tu mice from day -1 to day 6 of 
tU GVII roapot\ac. <A) GVII lospoaacs ia udmintsicrod difTor- 
cnt do-iofl of te.po3Culia: Of vehicle wntrM (Q.G% mcthylcclluloiio) 
nrrdly, T«n mice were U8cd for ffroup. The viiluci( from mice treated 
v^iiii tcpoxalin at 1 2. 2^3. and 50 nig/ky/d^y *vro yiiriiiacnntly difTcrcnt 
n-orn the vt^htdf. control group (DunnoU's U'j^t). SlmHrvr rm^ullswoiM; 
oUjuned fmm inorc than three rcpi^atiitl ovpf.rimcnU^. m GVH re- 
Ki>c^fto.H in lultd eivca ChA* (50 and 75 moA^:) or Schick Mntrcl 
tolinc) suhciUancouj^ly. Five ifticc wero uAod per gi-oup. (C) GVII • 
rcnpOA.'uv; in mice giv^rv naproxen, yJluuU.n. or the combmntion oftlic 
tw.j dnicR ut GO rot^/lcn/day ornlty. Mieo an vehicle coitUola for 
nivpj*OKon wora trentcU wIUi equivalent voluntcc of Q.fi<& methylccl- 
hjl;^.^; for ::ikotoa, ihcy wen* ircaiud with (m^ pnlyelhylenc 
200; tirA fr»r th^ cn/nbiDAUi>n of daIg^^ thfty were trectod ^nth boUi 
nica\ylc.ciluloso fitid 50% polycthylcno. €}ycd 200, Five mue 
wore U5cd per croup. Tlic colamn bnrH rrprnfiCiU the 3t3T\dard errors. 
A <tf:n«Iiri indicate a P vjiWe of <^0.05. 

ia the placcbo-trfaUia gwip si^irted on dny 7. About SO^o of 
Ihn ollr^-afts in tlte placebo n^oup wore rejected on <hy 10. 
TcpoKAliii nt doEUB of I2.fi and.25 n^yk^Alny did not Kavc a 
fiirnificanfc effect in pudonging urv:^(l rejection. When t*jpo:^.n- 
Un at C.0 7ng/kt;^<by .ndmimKlorcd to raico, a Eiyniricant 
pvolonk^itlon of skin irAft rejection v/nfi ohscr\'ed. llio mc- 
dbn fiuivlval timo of skin ^sfie, <.i^'finf:d as Uie lime point at 
which mh of the grafts arc rejected, was lO.f) days m the 
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Fjftimu 5. Synereistic suppresKion of mouse GVII r.«ponscs by tep- 
oocalin Qfld CeA. The OVII rL-sponsc was induced by injection of 
C57Biy6J splep-n cdUt into the footpadn of D6D2fyj mice and was 
m«Hured by v/ciffhinR tha draining lymph "od" .« d«BcnV-d iii 
Mflfcriors cnrf MciAoJs. Mice vere treai^d wiUi CsA (SO me-Vf) or 
tepoxalin (6 or 12 roR/kc) •»lone. or the eombJnstion of t^i>o»bn,(S or 
12 niE/Tcg) and ChA (SO mgAvf). Mic« injected with splocn cilU and 
trcntod with vehicles wwc uacd OS positive control Mico injortcrt 
with saHne instead of spleen cells weru wod uij negative coot-ro s. 
Twenty mice were uk.kI per group. ITic column bara n.Tir«c_nt the 
Standard errors. AaUriska indicate o P yuluc of <0.0o. Similur re 
aulu were obt.rined from repeated experiment'!. 

placebo-trontcd group and was 15.0 days for the group of 
mice treated with tepojralin at 60 mg/lcfi/day {F<O.Oo).Vnf. 
thermore, a combination of tepoxslin nnd CsA at lovv dofics 
showed a dramatic proloniistion of allogeneic skin Sr^'^ 
joction (FiK. 7). About 52% of the mice tn-ated daily with 
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Kjcitij^K G. IVolongnUaa of fik\n prrtd iTjActionti by tp.pftxalin. KAF.B/ 
cByJ mouse toil Mn wag ^aflod onto tho Uiil of aiIl/HnJ mice and 
rojacUou ofLlic iji-ua*»J Mtx wvi;; dcorcJ afi dcscclbcr! iti Matcrlahund 
lifHh.^^^ Different doses of topoxalin worc^.A^^nunislored orally to 
Ct^TlAToJ rccipi<*.nt mkc the ^ny MnrQ find i^rU'T fikin transplnntii- 
Ut>m ond Uvea daily until akin aruda were rojecl^tL Mice givoA the 
vehicle (O.G% nicthylccUulosc) orally were used as controls. About 
t:n mice wei'C UACd per group, Dotn proHopLcd wei^.tsikftn from ona 
utihi' Uirrc i-epCiituJ oxpcrimeriUi. Uc:*ulLfi,olaaincd from nil three 
evpovi mcnts wore .simllri r, Prolo Ay tion oT skni rej>ctiWfi 5am ke 
iv^IUU>A ivUh tt^ptwiiUa r)0 mfVItj; ni^jnificuut (r<0.05, Dunnctt's 
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t^cunr, 7. Wianccd prolongiiiUoa of ulloifonoic fikin grail rejection 
by lopoxfilln &ad CftA. BiVI-rB/cUyJ wouuc Uxil r-lun was grafted onto 
the. tail of C3lI/Hc*J miw as doscnbod in Mafcrinltt and ^f^thod^. 
TupOKfllin (12.6 mp-'k^j) nlono, CsA (50 myAi^c) alone, or tcpoxalin 
n:>.5 infArrl Pl^i^ mc/kcrl wcro odmiuisterod to C3II^TeJ 

mcc Uw; diiy biif«ri5 und after skin tnm,splAnlnUoo, and thou daily 
until Kkia nrnfts were rejcctod. Toporalin wa-i Rivoa ornlly and CkA 
w;(S g'ivoji tiabcutAuoousily. Far recipient mice Willi ckift £frti(U sur- 
viviDt; fcT Tnor« than 40 dnya, dni/; ftdminislrht.ion w^iji discontinued 
from d Ay 40. uh shown by arrowa. About l^a inice wcro usod per 
tjroup. Enhanced pnMon^atinn of akin rejijction. w»a also ob.sen'cd for 
U'.j co/nl)iftati(jn of lopoxiilin (20 /nfi/kfr) and On A (50 nig;A(5)(dnta not 
fibrjvml. 



Icpovfllin CI 2.6 tnj;/kg/day) and CmA (50 mg/ki;/d^jy) reliuned 
tlic nllogoncic hk\a gniRs on di^y 40 r^fler trans^pUnlaUoft. To 
dctcraina whnlhcr iinnMinntolcraiico to >kin g-rafts is gener- 
ated by the combinnd drag trcatmcht. drug: dosLng was dis- 
CfuiUnucd aftfir day 4.0 of transpLintatina Skin graft rejec- 
l;ioa noticoable on day IS imd all Uie-^n-aftti wore rejected 



on day 24 after druff cessation (Fig, 7). The roeults suggest 
that the contbination of tcpoxalin and CeA poUntintcs the 
immunofiupprofisivc effect, but does. not induce irnmunotol- 
Cirftnco to tho gprfifls. 

DhSCUSSTON 

III this report, we demonstrate that tepoxalinis effective in 
suppressing the immune responses in murine models of GVH 
reaction and ^lUoceneic akin graft rejection, Thia immunosup- 
preisaive activity is not seen with other inhibitors of CO or 
LO. 

To study the mccVianistn of immunosupprcsflion by tcpoiiia- 
lin. wc used flic in vilro mixed lymphocyte reaction, v/hich 
moafiures the proliferative response of parental Btrain 
C57BL/6J spleen cella when stlinulated by B6D2Fi/J spleen 
cells. Tcpoxalin inhibited the alloantigen-d riven prolifcmtivo 
response in a dose-relaled manner with an IC^o of 1.3 ^iM 
and a complete inhibition at 5 ^ A similar inhibition WQfl 
seen with CsA, whidi hnd an IC^o of approximately 22 nM 
and a compleU inhibition at about 200 nM. However, there 
were difr^rcncea in the kinetics of the irihibitions seen with 
the two^convpounds. Tcpoxalin exerted -U>^. name, d^^^ of 
inhibition if added any time up to 72 hr nfU-r the set-up of 
MLR cultures. CsA was only inhibitory if added at the initi- 
ation of the MLR culturee. ILr2 production by T cells occurs 
early following activation, reaching peak levels by 24 hr of 
culture il8, J9), CsA has been known for its inhibitory cfTect 
on ri^2 production (7. 20, 21) and is tlierefore expected to 
nfPect T cells during' the first 24 hr of activation. The fact that 
tcpoxab'n inhibits proliferation Intc in MLK a.'^f^ays suct'osts 
its inhibition of lator events in T cell activation. One possi- 
bility is that the lL-2-raediated si^al transduction pathway 
is affected by teporalin. which has boon- shown on hur.oan 
lymphocytes in our previous report (Li). 

GVH difica^e is a common prohlem in boae marrow tninfi- 
plantation that leads to frequent morbidity and mortality 
(22), Skin p-afta trifjger stron^^ immune responses and have 
been one of the most difficult grafts in transplantation (3). 
The immunosupprfeaaivc activity of tcpoxalin was demon- 
strated in murine models of GVH responses and allogeAiMc 
skin ^rafl rejections. Tcpoxalin was found to inhibit OVII 
reftponseh nt 12 mjLyTcg/day and to prolong skin gi'aft n^jcc- 
tions at 50 mg/kg/day. The possibility tl^nt tepoxolin blocks a 
later event in immune response is again implicated by its 
suppression of GVH reaction oven when it wae administered 
to mice 4 days afler the initiation of the retjpoiise. 

Tcpoxalin is icnown to bo a dual CO and LO inhibitor with 
potent antiinriommatory tjffectA (10). One of the obvious 
quGiition.s to a<tk is whether its immunosapprcasion ia due to 
the inhibition of tho CO or liO enzyinea. The involvcmont of 
CO and IX) in tlie modulation of immune responses rcmaiivs 
controvereiai. Aradiidonic acid mctJ)bolitc^; produced by 
these enzymes, such as prostaglandins and leukotrienes, 
have many biological activities, includint; the modulation of 
inflammation and iminime response. <23.'2£?). Indeed several 
inhibitors of /.O hove been sho"wn to prolong gi-aft rejection in 
tronfiplflntation .(30^J). However, it was noticed that those 
IX) inird^itors^^'w^^ immunosuppression activity arc also.po- 
tent antioxidants with inhibitory effects on NF^B activity 
(34, 35). . Therefore the immunorcfrulatory effects . of these 
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cfltniw.nis may not be directly relau?d to jnh-lnUon of LO. 

iV^ibi J. in ov.r filudicfi. Naproxen (CO inhiLuU)r) or zilcuton 
(l",0 inhibitor), or their cotnWnatior*. did nol have any effect 
on MLR p.olifrMtions or GVII re«i>oa3.3. V/.. bnve reporied 
rccentlv tJ-.at tr-pox.ilin is disUnct from oL>i«r GO and LO 

nkioUopu: IruosacUvator of m*ny target genes involved m 

suppiTs.nve effect of tepovalvn may be attnbuUDd V-.^^^^h'; 
bltian of NFkB s.n(i not Hated lo tho genetfil mhihiUon of 
!Wich\(l<->nic acid metabolism. 

Taken togeUier. those (UlR show tb.nt topoxalni is aa eflec- 
live iu.nnmoBuiiy«t««ive agont. Since the mecha...sm of lep- 
oxaliu oppoan. to ho different fronv Cs\ in iramunoauppros- 
aien. it suK«5Stp a posiiWo combinntional use of the two 
c.;t«pour.d3 in immunosuppressive t!i«rapy. Moreover, U;p- 
osalln is <levoid of ulcerogenic actions in e*>si''«"^*'J.'S 
sytl^mfi that ftrc the common side offects of other NbAlU 
druKS (II. 121. n>o LUsn of tepoxalin in mire nnd rats w.i« 
niori than 400 mcAcg. v/hich is over 10-fold hiirUor than the 
effdcllvo dosec UHcd in in vivo iramunoeappreseion. Tcpoxahn 
couhl thrrcforo bo an important addition to the existing ira- 
raimosupprcssive therapeutic drugs to enhance the efficacy 
*f tr.?r.tYncnt and to reduce drug toxicity in traneplm^tation 
-andautssminunily. -, . - ■ _ • 
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Sytiffcncic pancreatic islet giiifts in nonobese dia- 
betic (NOD) mlcft elicit a cell-mtMlifttcd autoimmune 
rc^ponso that destroys the insulin-pf oducinff /! cells m 
Ui<^ islot craft. ILx.4 and If^lf) arc cytol* inos that inhibit 
coll-mcdiutod Immunity. In study, wc evaluated 
th« efJbots of IL-1 and H^IO on tlie f^f^iX** of/^y^C^ 
r.c ia pnnci-catio islots transplanted into diabetic NOU 
mice. crArts eurvived beyond 18 days and nonno- 
{jUconift waa maintained in $7% (10 of 15) of w»<=^ 
trcAtcd with IlHl plus n.lO. but in norvc 0 of 20) of 
vohiclis-inicc.lod (coxitrol) mioo. Also, 40> (6 of 16) or 
Oio mice Iroatftd v,-ith TLA plus IT.-10 were normoely- 
ccwic at 30 days after transplantation, compared witii 
14% (I of 7) of the mice trontod with aJonc, » u ot 
13) of the mice treated with IL-10 alone, and none (0 of 
20) of the control mice. Histological cxammHtion of 
(frafts at 10 days after transplantation revealed pcn- 
iskt accumulations of mononuclear kukocytes and 
Inlftct islet cells in j,'v(ift>i from 1L~1 plus llv-io- 

» Wm work was wiproncd t> xi UUib<-t<>« IntRtdu-ripUaary Ke- 
Fcurdi Pwf. «.-u grant frotn the Juvenile DlaWU-.) KoundftUon Intor- 
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treated mi«j, whereas islets were mfiltratedl^ Iculco- 
cytcs and the /3 cell mass was greatly reduced in gafts 
from control mrce. Tolymcrasc chain reac-t on (Ft-K) 
analysis of cytokine mKNA express'on in 
revealed higher levcL<4 of n^2, IFNy, and IL-10 mUNA 
in crafts of diabetic compared with normoglycemic 
control mice, whereas IFNy and TNF«. mRNA levels 
were significantly decreased in grafts of lL-1 plos 
] o-trcatcd mice compared with either normoglycemic 
or diabetic control mice. Those results suggest that I 
helper (Th)X cells and their cytokine products (ll.-A 
IFNy, nni TNFa) may promote islet p cell destructive 
insulitis and autoimmune d iabetes recurrence in syn- 
geneic islet-transplanted NOD mice, and that admin- 
istrutlonof n.-4 plus n.-lO i«ay inhibit diabetes reear- 
rence by suppressing Thl cytokine production in the 
id et grafts. - 

Ineulin^dopcndcnt diabetes niclUtus (IDDM)* resulte from 
deelruction of the insulin-prodnciiiE pancre.nlic islct |J ceJb 
by the host's (jMv-n imrauae rydtem. Whereas it is: not kno-*n 
what may iriitiate Uiis autoimmune response against islet /3 
colls there is abundant evidence that IDDM u!Tcell-dvr*n- 
dcnt (1. 21 However, it is unclear which T cells arc invo ved 
and how tlioy m.<»y lend to islet p cell dcsti-uction. A vanety of 
inufluneAinnaitimatoi-y cells infiltrate the pancreatic i.'.ota 
and consUinte the insulitis lesion (3. 4). There evidenc.': m 
human patiente with IDDM (5-fi) imd in animale with spon- 
taneous IDDM resembling. the human disease-tlio nnnohcso 
diabetic (Nob) mouse and the biohrecdinc (BB) rat O-^ii- 
that islet ceU destruction may involve hc toro&oncous ciTec- 

« Ahbreiialiona: BE. BiohrecdinE; CFA. compUU FrcundV aAJu- 
vont; IDnM. influiin-dependent diabetes mdlitus; NOD. nonobese 
dinbetic; PGR. polymerase ch.un rwction; Th. T helper. 
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Cyclic adenosine monophosphate (cAMP) is an in- 
tracellular second messenger which modulates T cell 
function. NKH477 is a direct adenylate cyclase activa- 
tor derived from forskolin and now under clinical in- 
vestigation as a positive inotropic agent. While the im- 
munosuppressive effects of forskolin on lymphocytes 
have been reported, little is known about its effects in 
vivo. In this study, we investigated whether NKH477 
has immunosuppressive effects in mice, namely on 
cardiac allograft survival, and on the generation of 
cytotoxic T lymphocytes (CTL), T cell proliferation in 
mixed lymphocyte reaction (MLR), and production of 
interleukin-2 (IL-2) in MLR and in mitogen response. 
We assessed the effects of standard immunosuppres- 
sant cyclosporin A (CsA) on IL-2 production and on 
allograft survival to estimate the intensity of rejection 
in this acute rejection model. Saline-treated C57BL/6 
(H-2^) mice rejected DBA/2 (H-2**) cardiac allografts 
with a median graft survival time of 10 days. In con- 
trast, median graft survival was prolonged to 12 and 
15 days in mice treated with NKH477 at 1 and 3 mg/kg/ 
day, respectively (P < 0.01 vs control). The equivalent 
dose of CsA (40 mg/kg/day) to the maintenance dose 
after clinical cardiac transplantation prolonged me- 
dian graft survival time to 15.5 days, indicating that 
high dose of NKH477 was as efficacious as lower dose 
of CsA. Addition of NKH477 to the culture medium 
suppressed the generation of CTL, T cell proliferation 
in MLR, and production of IL-2 in MLR and in mitogen 
response. These results suggest that NKH477 exerts a 
beneficial effect on murine cardiac allograft survival 

by modulating T cell function. © 1996 Academic Press Inc. 



INTRODUCTION 

Cyclic adenosine monophosphate (cAMP) is an intra- 
cellular second messenger which has various modula- 
tory effects on the immune system. Forskolin, prosta- 
glandin Eg, and other cAMP-elevating agents have 
been reported to have immunosuppressive effects such 
as decreased production of interleukin-2 (IL-2) (1, 2). 
An increase in [cAMPlj is also considered to have an 
inhibitory effect on the generation of cytotoxic T lym- 



phocytes (CTL) (3-6), which are considered playing a 
role in the course of acute allograft rejection (7-10), 
IL-2 is involved both in the proliferation of mature T 
cells and in the generation of CTL (11-17). 

Forskolin directly activates adenylate cyclase and 
has been routinely used in in vitro studies investigat- 
ing the effect of increased [cAMPl^. However, on the 
grounds of the low solubility of this compound in water 
and its poor biological availability on oral administra- 
tion, it has been unclear whether increased [cAMPli by 
adenylate cyclase activators has an immunosuppres- 
sive effect in vivo. 

NKH477, (+)-(3i?,4ai?,5S,6S,6aS,10S,10ai?,106S)-5- 
acetoxy-6-(3-dimethylaminopropionyloxy)-dodeca 
hydro-10,106-dihydroxy-3,4a,7,7,10a-pentamethyl-3- 
vinyl-lH-naphtho-[2,l-6]pyran-l-one monohydrochlo- 
ride, is a new water-soluble forskolin derivative now 
under clinical investigation as a positive inotropic 
agent. Like forskolin, NKH477 directly activates the 
catalytic unit of adenylate cyclase and increases 
[cAMPlj (18, 19). It has been shown to have beneficial 
effects on hemodynamic states, especially on diastolic 
function, in an experimental model of congestive heart 
failure (20). The drug also has the unique characteris- 
tic of suppressing both digitalis- and adrenaline- 
induced ventricular arrhythmia, in contrast to phos- 
phodiesterase inhibitors, and can be used safely with 
little arrhythmogenicity (21). These characteristics 
may be beneficial in the treatment of heart failure de- 
veloping as a manifestation of acute allograft rejection. 

In this study, we investigated the effects of NKH477 
on cardiac allograft survival in a murine heterotopic 
cardiac transplantation model. We also used cyclospor- 
in A (CsA) as a standard immunosuppressant to esti- 
mate the intensity of rejection in this acute rejection 
model. One-way MLR was performed to evaluate anti- 
gen-specific CTL generation and IL-2 production in 
consideration of the results of measurement of plasma 
NKH477 and Ml (equally active metabolite of 
NKH477) concentration. The immunosuppressive ef- 
fects of NKH477 in vitro were compared to CsA for the 
inhibition of IL-2 production in MLR and in mitogen 
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response, since the effects of CsA are manifested 
mostly through suppression of IL-2 production. We also 
assessed the proliferative response of splenic T cells 
during one-way MLR and to exogenous IL-2 by 
PH] thymidine incorporation. 

METHODS 

Mice 

Male DBA/2 (H-2^), C57BL/6 (H-2^), and C3H/He 
(H-2'*) mice aged 7—9 weeks were obtained from the 
Shizuoka Agricultural Cooperation Association (Shi- 
zuoka, Japan), housed in stainless-steel cages with 
controlled 12-hr light/dark cycle and given access to 
standard mouse chow and water. 

Reagents 

NKH477 (MW 546.1) was provided as a pure powder 
by Nippon Kayaku Co., Ltd. (Tokyo, Japan). It was 
dissolved in saline and adjusted to pH 4 with 0.01 N 
HCl. Solutions were stored at 4''C. Orally available 
CsA (Sandimmun drink solution; Sandoz Corporation, 
Basel, Switzerland) was commercially obtained and di- 
luted with olive oil. CsA for in vitro use was a gift from 
Sandoz Corp. Stock solutions of CsA were prepared at 
a concentration of 30 mg/kg in dimethyl sulfoxide and 
diluted to the required concentrations with culture me- 
dium. In in vivo experiments, NKH477 was given at 
0.3, 1, or 3 mg/kg/day and CsA was at 5, 10, or 40 
mg/kg/day, by single daily oral administration begin- 
ning on the day of transplantation. RPMI 1640, FCS, 
and HBSS (Hanks' balanced salt solution) were pur- 
chased from Gibco Laboratories (Grand Island, NY). 
Mitomycin C and concanavalin A (Con A) were ob- 
tained from Sigma Chemical Co. (St. Louis, MO). LPS 
from Esherichia coli 055:B5 was from Difco (Detroit, 
MI), Recombinant human IL-2 and [methyl-^K]- 
thymidine were from Amersham (Buckinghamshire, 
UK). Anti-Thy-1.2 monoclonal antibody and low toxic 
rabbit serum complement for cytotoxic elimination test 
were from Cedarlane Laboratories (Hornby, Ontario, 
Canada). 

Cardiac Transplantation 

DBA/2 mice served as transplant donors and 
C57BL/6 mice as recipients. Heterotopic cardiac trans- 
plantation was performed as previously described (22, 
23). In brief, donors and recipients were anesthetized 
with 4% chloral hydrate at 0.01 ml/g body weight ip 
prior to surgery. Donor hearts were perfused with hep- 
arinized saline chilled to 4**C via the inferior vena cava 
and harvested after ligation of the vena cavas and pul- 
monary veins. The donor ascending aorta and pulmo- 
nary artery were anastomosed to the recipient abdomi- 
nal aorta and inferior vena cava using a microsurgical 
technique. Success rate was approximately 85%. Graft 



failures arising within the first 3 days after transplan- 
tation were excluded from experiments as technical 
failures. Grafts were monitored by daily abdominal 
palpation and regular electrocardiogram. Rejection 
was defined as the day of cessation of heartbeat. 

Histopathological Examination 

Recipients were killed 5 days after transplantation 
by bleeding after being anesthetized with ether. Allo- 
grafts were harvested, sectioned transversely at the 
maximal circumference of the ventricle, and fixed in 
10% buffered formalin. The graft tissues were embed- 
ded in paraffin, sectioned, and stained with hematoxy- 
lin and eosin. Histopathological examination was con- 
ducted by two observers who were unaware of any 
background data. The severity of myocardial inflam- 
mation, perivascular inflammation, and necrosis was 
independently graded for severity by two blinded ob- 
servers on a scale of 1 (low grade), 2 (moderate grade), 
and 3 (high grade), and scores were averaged. 

Measurement of Plasma NKH477 and 
Ml Concentration 

Seven-week-old C57BL/6 mice were orally adminis- 
tered NKH477 at a single daily dose 3 mg/kg for 5 days. 
They were anesthetized by inhalation of ether at 30 
min or 1, 2, 4, 8, or 24 hr after last administration. 
Blood was collected by cannulation of the inferior vena 
cava, heparinized, and centrifuged. Collected plasma 
were frozen at -70°C until measurement of the concen- 
tration of NKH477 and Ml concentrations by gas chro- 
matography/mass spectrometry. Ml is a equally active 
metabolite of NKH477 where one of the AT-methyl 
groups of NKH477 is demethylated. 

Cytotoxic T Lymphocyte (CTL) Assay {^^Cr 
Release Assay) 

One-way MLR and CTL assays were performed as 
described previously (24, 25). Spleen cells from 
C57BL/6 mice (recipient strain) and DBA/2 mice (donor 
strain) were used as responder and stimulator cells, 
respectively, Responder cells at 5.6 x 10^ were cocul- 
tured with 4.0 x 10^ stimulator cells treated with mi- 
tomycin C (MMC) (final concentration 25 iig/m\) at 
37°C for 20 min under 5% CO2. Cells were cultured in 
24-well plates in 2 ml of sensitization medium, namely 
complete RPMI 1640-10 (RPMI 1640 supplemented 
with 100 U/ml penicillin, 100 fxg/ml streptomycin sul- 
fate, 5 X 10"^ M 2-mercaptoethanol, 10% heat- 
inactivated FCS) containing 1 mM sodium pyruvate. 
NKH477 (1.5 x 10"^ M, 4.5 x 10"^ M) dissolved in sa- 
line or control vehicle only (saline) was added to the 
experimental cultures at the initiation of culture. After 
one-way MLR for 5 days, CTL activity was assessed by 
a ^^Cr release assay. DBA/2 splenic target cells (donor 
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TABLE 1 

Median Graft Survival Time 





Graft survival time 


Median graft 




of all grafts 


survivial time 


Treatment (n) 


(days) 


(days) 


Control (10) 


9, 10, 10, 10, 10, 10, 10, 


1 f\ 

lU 




11 1 O 1 o 




CsA 5 mg/kg/day (6)* 


10, 12, 13, 13, 14, 15 


13 


CsA 10 mg/kg/day (6)**'t 


12, 12, 13, 14, 14. 18 


13.5 


CsA 40 mg/kg/day (6)**'t 


12, 12, 15, 16, 18, >50 


15.5 


NKH477 


9, 10, 10, 10, 11, 12, 12, 


11.5 


0.3 mg/kg/day (10) 


12, 14, 14 




NKH477 


11, 11, 11, 12, 12, 12, 14, 


12 


1 mg/kg/day (10)**'t 


14, 17, 18 




NKH477 


11, 12, 13, 14, 15, 15, 16, 


15 


3 mg/kg/day (10)**'t 


17, 18, 23 





Note. Grafts survival were determined by daily abdominal palpa- 
tion and regular elecrocardiogram and confirmed histologically. Re- 
jection was defined as the day of cessation of heartbeat. Cyclosporin 
A (CsA) and NKH477 were orally administered at a respective dose 
daily. 

* P < 0.05 vs control, **P < 0.01 vs control, IP < 0.05 vs NKH477 
0.3 mg/kg/day group. No other statistically significant differences 
were observed between groups. 

strain) or C3H/He targets (third party) were prestimu- 
lated with 10 jULg/ml of LPS for 2 days and labeled with 
^^Cr. ^^Cr-labeled target cells (1.0 x lOVwell) were in- 
cubated with the C57BL/6 effector cells in quadrupli- 
cate in round-bottomed 96-well tissue culture plates at 
an effector-to-target ratio of 100:1, 33:1, or 11:1. After 
incubation at 37'*C for 3.5 hr in 5% CO2 humidified air, 
100 111 of supernatant was harvested from each well 
and radioactivity was measured using an automatic 
gamma scintillation counter. Spontaneous release was 
less than 30% of total incorporated counts. Percentage 
specific cytotoxicity was calculated as 



% specific cytotoxicity = 

(cpm experiment - 
cpm spontaneous release) 

(cpm maximal - 
cpm spontaneous release) 



X 100 (%), 



where spontaneous and maximum cpm were obtained 
by culturing target cells in medium alone and in 0.5% 
Triton X, respectively. 

Production ofIL-2 in MLR and in Mitogen Response 

One-way MLR was performed in 24-well plates as 
described above. In the first experiment, NKH477 (4.5 
X 10"^ M) dissolved in saline or saline only (control) 
was added in a volume of 20 /xl to the experimental 
cultures at the initiation of culture. The supematants 
were harvested serially at 12, 24, 48, 72, or 120 hr after 
initiation and stored at -70°C until enzyme-linked im- 
munosorbent assay (ELISA). In the second, NKH477 
dissolved in saline or stock solution of CsA in dimethyl 
sulfoxide was diluted with RPMI 1640 and added in a 
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FIG. 1. Effects of cyclosporin A (CsA) on cardiac allograft sur- 
vival. Oral administration of CsA at 5, 10, or 40 mg/kg/day provided 
slight to mild prolongation of cardiac allograft survival in compari- 
son with control group, whereas no significant differences of effica- 
cies were observed among treated groups. *P < 0.05 vs control, **P < 
0.01 vs control. 



volume of 40 juil to the cultures at the initiation of MLR. 
The final concentration of NKH477 was 1.5 x 10~^, 4.5 
X 10"^, or 13.5 X 10'^ M and CsA was 1 x 10"^^, 1 x 
10"^, 1 X 10"^ or 1 X 10"^ M. After 48 hr MLR, the 
supernatants of the cultures were harvested and 
stored at -70°C until ELISA. In the third experiment, 
spleen cells (5 x 10^ cells/ml) from C57BL/6 mice were 
incubated with 4 jig/ml of Con A in a volume of 1 ml/ 
well for 24 hr in the presence of NKH477 or CsA at the 
concentrations same as the second experiment in 24- 
well plates. The supernatants of the cultures were har- 
vested and stored at -70''C until ELISA. As controls, 
same volumes of RPMI were added to the cultures as 
substitutes for NKH477 and CsA. Murine IL-2 in the 
supernatants was quantified using ELISA systems 
purchased from Endogen (Boston, MA). The sensitivity 
of the system was >0.03 units/ml. All measurements 
were performed in duplicate. 



% 
100 



> 
u 



OX) 



c 
u 



80- 
60- 
40- 
20 
0 



Control (n=10) 
NKH477 0 J mgrttg (n = 10) 

NKH477 1 mgrttg (ii = 10) 

NKH477 3 mg/kg (d=10) 




Days after transplantation 

FIG. 2. Effects of NKH477 on cardiac allograft survival. Oral 
administration of NKH477 at 1 or 3 mg/kg/day provided slight or 
mild prolongation of cardiac allograft survival, whereas NKH477 at 
0.3 mg/kg/day failed to prolong graft survival. *P < 0.01 vs control, 
**P < 0.01 vs NKH477 0.3 mg/kg/day group. 
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FIG. 3, Histopathology of mouse cardiac allografts. (A) Low-power photomicrograph from a vehicle-treated DBA/2 C57BL/6 allograft. 
The graft was examined on Posttransplant Day 5. Note prominent interstitial mononuclear cell infiltration. (B) A DBA/2 -> C57B/6 allograft 
treated with NKH477 at 3 mg/kg/day and examined on Posttransplant Day 5. Inflammatory changes in the graft were less severe. Bar: 500 
jLtm. (C) High-power photomicrograph of a vehicle-treated allograft [same sample as (A), LV posterior wall]. (D) High-power photomicrograph 
of an NKH477-treated allograft [same sample as (B), LV posterior wall] (hematoxylin and eosin; bar: 50 /im). 



IMMUNOMODULATION BY ADENYLATE CYCLASE ACTIVATOR 





't^ -TV 



''■■^■■v :■: ^"^'^ -."-^^ ■'^'■'-'^:-y'''^'. yy r. v'^i?^^^r -^-^a^^- , ■ "y-: 




to..;. J 



Iv--^/ ■■ . V -i- ' . .. ■- . ,;■ .■ ' - - ■^:'*vV ...l ..V ■:t"'■t ..■ 



29 



FIG. 3 — Continued 



< • 

30 



FURUKAWA ET AL. 



TABLE 2 

Histopathological Scores of Cardiac Allografts" 







Myocardial 


Perivascular 




Treatment 


n 


inflammation 


inflammation 


Necrosis 


Control 


6 


1.92 ± 0.20 


1.75 ±0.11 


1.25 ±0.11 


NKH477* 


5 


1.20 ±0.12* 


1.30 ± 0.12* 


1.30 ±0.20 



Lesions graded as described under Methods by two blinded ob- 
servers. Data are expressed as means ± SEM, and compared by 
Mann-Whitney U test. 

* NKH477 was administered orally at a single daily dose of 3 mg/ 
kg for 5 days. 

* P < 0.05 vs control. 



[^H] Thymidine Incorporation Assay 

Spleen cells from C57BL/6 mice (recipient strain) 
were suspended at 1.0 x lOVml in culture medium. 
They were passed through nylon wool columns pur- 
chased from Wako Chemical Co. (Osaka, Japan) to en- 
rich splenic T cells by a modification of the method 
established by Julius et al. (26) following the manufac- 
turer's instructions. The obtained cells were subjected 
to cytotoxic elimination test using anti-Thy-1.2 mAb 
and low toxic rabbit serum complement, and shown to 
include 73 to 80% T cells. These enriched splenic T cells 
were treated in one of three ways. In the first treat- 
ment, cells were resuspended in sensitization medium 
and incubated at 2 x 10^ cells/well with 4 x 10^ cells/ 
well MMC-treated spleen cells from DBA/2 mice in 6 
wells for each treatment. NKH477 (4.5 x 10"^ M) di- 
luted in RPMI 1640 or control vehicle (RPMI 1640) was 
added in a volume of 10 jllI at the initiation of culture. 
On Day 5, 1 ^iCi of [^H] thymidine was added to each 
well, and the cells were harvested 6 hr later. In the 
second treatment, cells were resuspended in complete 
RPMI 1640-10 and incubated at 2 x 10^ cells/well in 4 
wells. Recombinant human IL-2 (rhIL-2) at 1 nM (45 
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FIG. 4. Pharmacokinetics of NKH477 and its active metabolite 
Ml in mice. Mice were orally administered NKH477 at 3 mg/kg for 5 
consecutive days. Thirty minutes, 1, 2, 4, 8, and 24 hours after last 
administration, three mice at each point were killed and plasma was 
collected. Plasma concentration of compounds were measured by gas 
chromatography/mass spectrometry. Values are expressed as means 
± SEM. *Not detectable. 
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FIG. 5. Inhibition of CTL generation in vitro by treatment with 
NKH477. Splenocytes from C57BL/6 mice were stimulated with 
DBA/2 cells for 5 days, and then tested against DBA/2 or C3H/He 
cells. The graphs represent cytolytic activities at the effector to tar- 
get ratios of 11, 33, and 100. NKH477 was added to the medium 
during the 5-day coculture at a concentration of 1.5 x 10"^ or 4.5 x 
10"^ M. Control C57BL/6 splenocytes were sham-treated with the 
vehicle only. Non. sens, means nonsensitized control. Values are ex- 
pressed as means ± SEM of quadruplicate cultures. *P < 0.05, **P < 
0.01 vs control. 



units/ml) or control vehicle (RPMI 1640), and NKH477 
(4.5 X 10"^ M) diluted in RPMI 1640 or control vehicle 
(RPMI 1640) was added at the initiation of culture. 
After incubation for 42 hr, [^H] thymidine (1 /xCi) was 
added to each well and, after a 6-hr pulse, the cells 
were harvested. In the third, cells were resuspended in 
sensitization medium and one-way MLR was per- 
formed in 24-well culture plates as described above. On 
Day 4 of culture, primed cells were harvested and cen- 
trifuged. After three washes with culture medium, the 
viable cells were resuspended in cRPMI 1640-10 and 
incubated at 2 x lOVwell in 5 wells with or without 1 
nM of rhIL-2 for 18 hr. Then, after a 6-hr pulse with 
[^H]thymidine (1 /xCi/well), the cells were harvested. 
For all harvested cells, [^H]th3anidine incorporation 
was assessed by scintillation counting. All cultures ex- 
cept those for priming MLR were performed in a vol- 
ume of 200 III in round-bottomed 96-well plates. 

Statistical Analysis 

The significance of differences between two nonpara- 
metric groups in the allograft survival experiments 
and scores for histopathological findings were exam- 
ined by the Mann- Whitney U test. Percentage cytoly- 
sis in CTL assay, levels of IL-2 in culture supernatants, 
and [^H] thymidine incorporation were compared by 
one-factor ANOVA followed by Fisher's protected least 
significant difference. 
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FIG. 6. (A) Serial IL-2 production during allogeneic MLR incubated in the presence of NKH477 or control vehicle. NKH477 was added 
to the medium at a concentration of 4.5 x 10"® M from the initiation of MLR. Supernatants were collected serially and the concentrations of 
IL-2 were assayed by ELISA. Values are expressed as means ± SEM of 4 wells. (B) Bar graphs indicate concentrations of IL-2 in the 
supernatants after 48 hr MLR in the presence of several doses of NKH477 or CsA. NKH477 suppressed IL-2 production during MLR in a 
dose-dependent manner, although it was less potent than CsA at the concentrations equivalent to the plasma level in clinical use. Values are 
expressed as means ± SD of 4 wells. (C) Concentrations of IL-2 in the supernatants were quantified after 24 hr mitogen stimulation by 4 
/xg/ml of Con A in the presence of several doses of NKH477 or CsA. NKH477 and CsA suppressed IL-2 production with dose dependencies 
similar to the case of MLR. Values are expressed as means ± SD of 4 wells. *P < 0.01 vs control. **Values were lower than the minimal 
sensitivity (0.03 units/ml). 



RESULTS 

Effect of NKH477 and Cyclosporin A on Cardiac 
Allograft Survival 

During the experiments, recipient mice appeared 
healthy and no differences in body weight were ob- 
served among the NKH477-treated, CsA-treated, and 
sahne-treated control groups. In this acute rejection 
model, saline-treated C57BL/6 recipient mice rejected 



all DBA/2 cardiac allografts within 12 days with a me- 
dian survival time of 10 days. Oral administration of a 
low dose (5 or 10 mg/kg/day) of CsA prolongs graft sur- 
vival only slightly and 40 mg/kg/day of CsA exhibited 
only mild but significant effect on graft survival with a 
median survival time of 15.5 days (Table 1, Fig. 1). In 
NKH477-treated groups, graft survival was slightly 
prolonged in mice treated with NKH477 at 1 mg/kg/day 
to a median survival time of 12 days and mildly pro- 
longed in those treated at 3 mg/kg/day to a median 
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FIG. 7. Effects of NKH477 on pH] thymidine incorporation by T cell-enriched spleen cells. (A) Splenic T cells from C57BL/6 mice 
(recipient strain) were cocultured with MMC-treated spleen cells from DBA/2 mice (donor strain, alio) or C57BL/6 (syn). On Day 5 of MLR 
cells were pulsed for 6 hr with pH] thymidine (1 /xCi/well). (B) Unprimed splenic T cells from the recipient strain were stimulated to 
proliferate with exogenous IL-2 (1 nM). Cells were also cultured without addition of IL-2 to exclude the effect of NKH477 itself on prolif- 
eration. (C) Splenic T cells were primed by one-way MLR (alio; allogeneic, syn; syngeneic) and after washing, cells were stimulated with 
exogenous IL-2. Values are expressed as means ± SEM. *P < 0.01. 



survival time of 15 days (P < 0.01 vs saline-treated 
control; Mann-Whitney U test). However, a low dose of 
NKH477 (0.3 mg/kg/day) failed to significantly prolong 
graft survival (median graft survival time 11 days; 
Table 1, Fig, 2). 

Histopathological Examination 

As CTL assay confirmed the existence of CTL after 
MLR for 5 days, histopathological examination was 
performed in DBA/2-C57BL/6 cardiac allografts har- 
vested 5 days after transplantation. The grafts of the 
NKH477-treated group (3 mg/kg/day) were compared 
with those of the saline-treated control group. As 
shown in Fig. 3, inflammatory changes in the grafts 
appeared less prominent in the NKH477-treated 
group. Moreover, the scores for myocardial and peri- 
vascular inflammation were significantly lower in the 
NKH477-treated group (P < 0.05). There were no sta- 
tistically significant differences between the scores for 
necrosis of the two groups (Table 2). 

Pharmacokinetics of NKH477 and Its Active 
Metabolite Ml 

Plasma concentrations of NKH477 and Ml were 
22.68 ± 12.65 and 39,01 ± 10,46 ng/ml (mean ± SEM), 
respectively, 30 min after last administration of 3 mg/ 
kg of NKH477, They then declined with half-lives of 
0,43 and 1.81 hr, respectively. Twenty-four hours after 
last administration, no NKH477 and little Ml were 
detected in the plasma of mice (Fig. 4). 



Effect ofNKH477 on the Generation of 
Antigen- Specific CTL 

To examine in vitro one of the mechanisms of the 
above findings in allograft survival, we investigated 
the effect of NKH477 on CTL activity. Specific cytolysis 
by C57BL/6 splenocytes (recipient strain) of DBA/2 
splenocytes (donor strain) and of C3H/He splenocytes 
(third strain) was measured (Fig. 5). C57BL/6 cells 
treated with control vehicle and cells treated with 1.5 x 
10"^ M NKH477 showed similar increases in CTL re- 
sponse to DBA/2 target cells after MLR for 5 days. In 
contrast, cells treated with 4.5 x 10"^ M NKH477 dur- 
ing MLR showed decreased CTL activity. These 
C57BL/6 cells showed little cytolytic activity when the 
target cells were from a third strain. Further, nonsen- 
sitized C57BL/6 spleen cells also showed little cytolytic 
activity against DBA/2 target cells. 

Effect ofNKH477 and CsA on IL-2 Production 

In the first experiments, supernatants of allogeneic 
MLR were harvested serially at 12, 24, 48, 72, or 120 hr 
after initiation, and concentrations of IL-2 were quan- 
tified. As shown in Fig. 6A, addition of NKH477 at a 
concentration of 4,5 x 10"^ M to the culture signifi- 
cantly suppressed IL-2 production at 48 hr after initia- 
tion (NKH477 treated vs control vehicle: 6.05 ± 0.13 vs 
11.35 ± 0,46; mean ± SEM units/ml; 46.6% suppres- 
sion) when the control culture exhibited peak produc- 
tion. Figure 6B demonstrates the effects of several con- 
centrations of NKH477 or CsA on the IL-2 production 
after 48 hr MLR. CsA showed almost complete inhibi- 
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tion at the equivalent concentration (1 x 10"^ M) to the 
therapeutic plasma level. Addition of NKH477 in the 
culture medium suppressed IL-2 production dose de- 
pendently, although the efficacy of NKH477 was rela- 
tively weak in comparison with CsA. NKH477 and CsA 
also exhibited similar inhibition patterns to the MLR, 
respectively, on IL-2 production during mitogen re- 
sponse to Con A (Fig. 6C). 

Effect ofNKH477 on T Cell Proliferation 

[^H]Th5anidine incorporation was significantly in- 
hibited by NKH477 at a concentration of 4.5 x 10"® M 
(80,056 ± 3656, mean cpm ± SEM) compared with the 
control vehicle (111,175 ± 8282) in allogeneic MLR 
with a percentage inhibition of 28.0% and in IL-2 
stimulation of unprimed splenic T cells (NKH477 vs 
control vehicle: 36,463 ± 1151 vs 55,565 ± 2694) with a 
percentage inhibition of 34.4% (Figs. 7A and 7B), How- 
ever, the drug at the same concentration could not sig- 
nificantly suppress the proliferative response to exog- 
enous IL-2 of cells primed and activated by allogeneic 
MLR (NKH477 vs control vehicle: 229,344 ± 6381 vs 
238,636 ± 7966) (Fig. 7C). 

DISCUSSION 

We investigated the effects of NKH477 on cardiac 
allograft survival and on histopathological findings in 
the early stage of acute cellular rejection. In this acute 
rejection model, all DBA/2 cardiac allografts in saline- 
treated C57BL/6 recipients without any immunosup- 
pression were rejected within 12 days. Lower doses of 
CsA (5 or 10 mg/kg/day) had only slight effect on graft 
survival and 40 mg/kg/day of CsA had mild effect in 
this model. Considering body surface area, the oral 
dose of 40 mg/kg/day in mice is comparable to 3 mg/kg/ 
day in human (27) and this dose is the maintenance 
dose of CsA in clinical cardiac transplantation. Treat- 
ment with NKH477 at 1 mg/kg/day beginning on the 
day of transplantation resulted in slight prolongation 
of allograft survival, and at 3 mg/kg/day in a mild pro- 
longation of survival with a similar median survival 
time to that of the maintenance dose of CsA (Table 1). 
Inflammatory changes were less prominent in animals 
treated with NKH477 at 3 mg/kg/day than in the ve- 
hicle-treated group. Although no significant difference 
between the two groups was seen in the score for ne- 
crosis, it seems to be the reason that necrosis becomes 
apparent later in the course of rejection. 

cAMP-elevating agents such as forskolin have been 
suggested to have immunosuppressive effects on lym- 
phocytes. For example, they have an inhibitory effect 
on IL-2-secreting Thl lymphocytes in vitro (1), and de- 
crease IL-2 production and IL-2Ra (IL-2 receptor 
a-chain) expression via the suppression of both protein 
product and mRNA levels (2). Blockade of the IL-2 
pathway suppresses immunological responses to al- 
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loantigens and prevents acute allograft rejection (28- 
30). The increase in [cAMPli induced by forskolin and 
other agents is related to the inhibition of T cell pro- 
liferation (1, 31, 32). It also leads to the inhibition of 
CTL activity (4, 5). While CTL, activated and induced 
to proliferate after stimulation by alloantigens, are 
considered to play an important role in the course of 
allograft rejection (7-10), CTL generated in the pres- 
ence of forskolin showed suppressed lytic activity but 
normal proliferative responses to alloantigens (5). 

Considering these reports and the results of in vivo 
experiments, we tried to clarify the effects of NKH477 
on alloreactive CTL generation and IL-2 production 
during MLR and mitogen response to Con A. We com- 
pared its inhibitory effect on IL-2 production to that of 
a standard immunosuppressant CsA, since CsA is con- 
sidered to exhibit immunosuppressive effects mostly 
via inhibition of IL-2 gene transcription. (33-35) We 
used a concentration of NKH477 equivalent to the 
plasma level in in vivo experiment (Fig, 4). NKH477 at 
4,5 X 10"^ M (24.6 ng/ml) inhibited the generation of 
alloreactive CTL and suppressed IL-2 production dur- 
ing MLR and mitogen response; however, it was less 
effective than equivalent concentration of CsA to the 
therapeutic plasma level. Prolongation of cardiac allo- 
graft survival might have resulted from this suppres- 
sion of IL-2 production, reflecting elevated expression 
of cytokines such as IL-2 in organ allografts undergo- 
ing acute rejection (36). These results also suggest 
some possible mechanisms by which NKH477 may 
have inhibited the generation of CTL. NKH477 might 
first suppress IL-2 production, and the resulting de- 
crease in IL-2 concentration may inhibit the differen- 
tiation of CTL. NKH477 might inhibit T cell prohfera- 
tion through the decreased production of IL-2 or 
through the reduced responsiveness to IL-2 of T cells 
(including CTL precursor), thereby leading to inhibi- 
tion of CTL generation, although other humoral factors 
for CTL generation have not been investigated in this 
study. We therefore assessed whether NKH477 had in- 
hibitory effects on T cell proliferation during MLR and 
on the proliferative responses to IL-2 of primed and 
unprimed splenic T cells using [^H]th3miidine incorpo- 
ration. The results indicated that NKH477 had an in- 
hibitory effect on T cell proliferative response when 
present in the culture medium throughout MLR or 
when unprimed T cells were stimulated with IL-2 in 
the presence of this drug. However, it did not have an 
inhibitory effect on IL-2 responsiveness of alloantigen- 
primed T cells at its physiological dose. These results 
indicate that NKH477, a cAMP-elevating agent, can- 
not block the progression of alloantigen-primed T cell 
proliferation at its physiological dose, although the 
possibility remains that it may counteract the initia- 
tion of T cell proliferation. 

The combined concentration of NKH477 and its 
equally active metabolite Ml in the plasma were kept 
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higher than 4.5 x 10"^ M, the concentration in the cul- 
ture medium in in vitro experiments, at 4 hr after the 
last administration. This suggests that immunosup- 
pressive effects of NKH477 in the in vivo experiments 
were exerted through modulation of T cell functions 
such as inhibition of CTL generation, while the drug 
could not have a suppressive effect on the proliferative 
response of primed T cells and the effects might not be 
specific to the suppression of allo-reactive immunity. 

Valitutti et al. reported that increases in [cAMPl^ 
suppressed the adhesion and motility of CTL, possibly 
by regulation of elements of their cytoskeleton forma- 
tion such as the F-actin and tubulin network (6). Thus 
adenylate cyclase activators inhibit functions of gener- 
ated CTL. Improved histopathological findings in the 
early stages of NKH477-treated allografts are also sug- 
gestive of these effects. In addition, recent studies have 
shown that cyclic AMP analogs and cAMP-elevating 
agents enhance cardiac preservation in rat and baboon 
cardiac transplant models through their beneficial ef- 
fect on vascular homeostatic mechanisms during global 
ischemia (37, 38). NKH477 may improve oxygen sup- 
ply to ischemic regions of allografts undergoing rejec- 
tion by maintaining vascular functions(possibly endo- 
thelial function) (37), thereby prolonging graft sur- 
vival. Another beneficial effect of NKH477 on vasculeu- 
function is its vasodilating effect in coronary arteries. 
In smooth muscle cells of coronary arteries, NKH477 
attenuates acetylcholine-induced Ca^"^ mobilization 
and reduces the sensitivity of contractile machinery to 
Ca^"^, possibly by activating cAMP-dependent mecha- 
nisms (39). 

In conclusion, NKH477, a water-soluble forskolin de- 
rivative, has inhibitory effects on antigen-specific CTL 
activities, and other beneficial effects on cardiac allo- 
graft survival. Concerning inhibitory effects on IL-2 
production, NKH477 was less effective than CsA and 
the drug might have less efficacy on in vivo immuno- 
suppression than moderate to high doses of CsA. How- 
ever, considering that NKH477 also has a positive ino- 
tropic effect on failing hearts, this drug may be a prom- 
ising agent for the management of hemodjoiamic states 
of patients after cardiac transplantation and for 
therapy against the cardiac dysfunction which emerges 
as a manifestation of acute rejection. Further studies 
are required to assess the beneficial effects of this drug 
and roles of immunomodulation by inotropic agents. 
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Graft-versus-host disease (GVHD) is a major compli- 
cation associated with allogeneic bone marrow trans- 
plantation (BMT). Cyclosporin A (CsA) has been used 
as the basis for most immunosuppressive regimens for 
the prevention of GVHD, but has exhibited only lim- 
ited effects and is hampered by nephrotoxicity, neuro- 
toxicity, and hepatotoxicity. Previously, we showed 
that rD-mPGPtide. a structure-base designed peptide 
analog of the CDRS-like region of domain 1 of the mu- 
rine CD4 molecule, suppressed the development of 
GVHD in a MHC-haploidentical murine BMT model 
when administered early in the course of disease. This 
peptide analog also inhibited T cell proliferation in 
mixed lymphocyte reactions (MLR) in vitro. The cur- 
rent results demonstrate that CsA and rD-mPGPtide 
exhibit an additive inhibitory effect on MLR. Further- 
more, the use of CsA and rD-mPGPtide together for 
prevention of GVHD nearly doubled the median sur- 
vival time of the mice compared to either agent alone. 
In addition, the combination therapy reduced the re- 
quirement for habitual administration of CsA. There- 
fore, the use of a CD4-CDR3 peptide can complement 
and potentiate the immunosuppressive effects of CsA 
in the prevention of GVHD following allogeneic BMT. 

© 1998 Academic Press 

Key Words: rD-mPGPtide; CD4 peptide; cyclosporin 
A; graft-vs-host disease; bone marrow transplantation. 



INTRODUCTION 

Allogeneic bone marrow transplantation (BMT) is 
currently being used as a treatment for a number of 
disease states including leukemias, multiple myeloma 
myelodysplasia, aplastic anemia, and severe combined 
immunodeficiency (1). The major complications which 
impede the overall success of this treatment include 
the development of graft-versus-host disease (GVHD), 

' This work was supported by U.S. Public Health Grants T32 
CA09683 (R.T.) and HL55593 (R.K.). 



failure to engraft, infections resulting from chronic 
immunoincompetence, and leukemic relapse. Acute 
GVHD is caused by contaminating mature donor T cells 
in the bone marrow graft and leads to significant mor- 
bidity and mortality. The inhibition of T cell responses 
following BMT. by various means, has proven to be 
effective in preventing GVHD. Cyclosporin A (CsA). 
which has moderate effects on GVHD, has become the 
basis for many of the immunosuppressive regimens (1). 

CsA has been shown to be a potent immunosuppres- 
sive agent for solid organ transplantation and is cur- 
rently being tested for treatment of several autoim- 
mune diseases (2). CsA is thought to specifically inhibit 
lymphocytes by binding to cyclophilin (CyP), and this 
CsA-CyP complex binds to and blocks the function of 
calcineurin. Calcineurin, a phosphatase, plays a criti- 
cal role in the signaling cascade of T cells leading to 
the production of cytokines such as interleukin-2 (IL- 
2) (5, 6). Although CsA has been successfully used for 
the treatment of GVHD following allogeneic BMT, it 
has associated drawbacks, including hepatotoxicity, 
neurotoxicity, and nephrotoxicity (1,2). Previous stud- 
ies have also indicated that CsA can interfere with the 
normal thymic development of T cells leading to immu- ' 
noincompetency and the potential generation of autore- 
active T cells (3), Equally important is the need to ad- 
minister frequent doses of CsA to patients for up to 6 
months or more post-BMT, since alloreactive donor T 
cells can survive treatment and become activated once 
immunosuppression is halted (1). 

Our earlier reports documented that the CD4-CDR3 
peptide analog, rD-mPGPtide, was a potent inhibitor 
of murine CD4 T-cell-mediated immune responses, 
both in vitro and in vivo (4. 7, 8). In this regard, we 
also demonstrated that rD-mPGPtide suppressed the 
in vivo alloreactive responses associated with the onset 
of GVHD in the (B6 X DBA2)Fi (B6 X CBA)Fi MHC- 
haploidentical irradiated BMT model (8). In this model, 
the donor and recipient mice possess a full MHC mis- 
match, involving both class I and class II differences. 
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Injection of irradiated (950 cGy) (B6 X CBA)F, mice 
with an inoculunn of donor T cells along with donor 
bone marrow induced an acute GVHD reaction which 
resulted in fatality within 2-3 weeks. The current 
study indicated that rD-mPGPtide and CsA could in- 
hibit T cell responses in vitro and were more potent 
together than either agent was alone. Furthermore, 
administration of rD-mPGPtide to recipient mice fol- 
lowing BMT significantly increased the median sur- 
vival time (MST) of mice with GVHD. as did the admin- 
istration of CsA. However, when rD-mPGPtide and 
CsA were administered together, survival was greater 
than when either agent was administered alone. 

MATERIALS AND METHODS 

Mice. Mice, (B6 X DBA2)Fi [(B6D2)Fi] (H-2^') and 
(B6 X CBA2)Fi [(B6CBA)FJ (H-2^^), were purchased 
from The Jackson Laboratory (Bar Harbor, ME). Male 
mice were used as donors between the ages of 7 and 
12 weeks and as recipients between the ages of 9 and 
16 weeks. Mice were kept in a sterile environment in 
microisolators at all times and were provided with acid- 
ified water and autoclaved food. 

Media. Buffered saline solution (BSS) supplemented 
with 0,1% BSA (Hyclone, Logan, UT) was used for all 
in vitro manipulations of the donor bone marrow and 
lymphocytes. For injection, cells were resuspended in 
BSS alone. RPMI 1640 (Mediatek. Herndon, VA) sup- 
plemented with 10% PCS (Sigma, St. Louis, MO) and 
10 U/ml glutamine, 10 U/ml penicillin and streptomy- 
cin, and 0.05mM BME (Mediatech, Inc. Herndon, VA) 
was used for all in vitro mixed lymphocyte responses. 

Peptides. The peptides were designed as previously 
described (7), synthesized on an Applied Biosystems, 
Inc. (Foster City, CA) 430A peptide synthesizer using 
standard Fmoc chemistry, refolded to enrich for intra- 
molecular disulfide bonding, and purified by HPLC 
(Waters 600E system controller. Waters 490E pro- 
grammable multiwavelength detector, Millipore Corp, 
Bedford, MA) before use. The sequences of the synthe- 
sized peptides were as follows: rD-mPGPtide (CPG- 
PEEKRNELEC, all D-amino acids) and scrambled rD- 
mPGPtide (Scr-PGPtide; same amino acid composition, 
but scrambled sequence, CEPKNELPERGEC, all D- 
amino acids). For treatment of GVHD, peptides were 
reconstituted in BBS and injected at the appropriate 
dose and time into mice iv in a volume of 0.25 ml. 

Injections. All cell suspensions were given intrave- 
nously via the tail vein in a maximum volume of 0.5ml 
of BSS. 

Irradiation. All recipient mice received a 950-cGy 
exposure from a Gammacell *^^Cs source (116 cGy/min). 



mAbs. Ascites fluid for anti-Thy-1.2 (Jlj, rat IgM) 
and anti-CD8 (3.168, rat IgM) mAb were used for cell 
preparations. In addition, goat anti-mouse IgG (whole 
molecule) antibodies were purchased from Cappel-Or- 
ganon Teknika (Westchester, PA). Guinea pig serum 
prepared in our laboratory was used as a source of 
complement C for all mAb treatments. 

Preparation of ceiis. Bone marrow cells were ob- 
tained from the femurae and tibiae of donor mice by 
flushing with BSS w/0.1% BSA. To prepare anti-Thy-1- 
treated (T cell depleted) bone marrow (ATBM), cells 
were incubated with Jlj mAb (at 1:100 dilution) and C 
(1:25) for 45 min at S^^C and were washed four times. 
T-cell-enriched donor cell populations were prepared by 
treating pooled spleen and lymph node cells with: (a) 
Gey's balanced salt lysing solution containing 0.7% 
NH4CI for removal of RBC; and (b) panning on a plastic 
petri dish precoated with a 5 //g/ml solution of goat anti- 
mouse IgG for 1 h at 37°C to remove B cells. These 
treatments resulted in populations of 90-95% CDS'" 
cells, as quantitated by flow cytometric analysis. Fur- 
ther purification of T cells into CD4'*' cells was performed 
as described previously. These procedures resulted in 
purified populations of CD4^ cells (>90%) with no de- 
tectable presence of the inappropriate subset. 

Mortality assay for GVHD. Recipient mice were ir- 
radiated with 950 cGy and approximately 6 h later 
were injected intravenously with either donor ATBM 
(2 X 10^) alone as a negative control or a mixture of 
ATBM plus donor T cells as indicated. Mice were 
checked daily for morbidity and mortality until the ex- 
periments were terminated at day 60 after trans- 
plantation. MST were calculated as previously de- 
scribed. Statistical comparisons between experimental 
groups for mortality curves were performed by the non- 
parametric Wilcoxon signed rank analysis. 

RESULTS 

The effect of rD-mPGPtide and cyclosporin A on allo- 
reactivity in vitro. To assess the effect of combining 
rD-mPGPtide and CsA on T cell responses in vitro, 
lymph node cells taken from (B6 X DBA2)Fi mice were 
stimulated in wfrowith irradiated (15 Gy) spleen cells 
from (B6 X CBA)Fi mice. The proliferative response 
was measured by pulsing with pHJTdR for the final 
day of a 5-day culture. Titered concentrations of rD- 
mPGPtide (50-200 //M) were added to appropriate cul- 
ture wells in order to test the inhibitory properties of 
the peptide. As indicated in Table la, rD-mPGPtide 
inhibited proliferation in a dose dependent manner. 
Nearly 90% inhibition of the proliferative response was 
observed with the addition of 200 ^M rD-mPGPtide, 
and the 50% inhibitory concentration (IC50) was ap- 
proximately 100 /xM. CsA was also a potent inhibitor 
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TABLE 1 

In Vitro Inhibition of MLR by a Combination of rD-mPGPtide with CsA 



rD-mPGPtide (yU) 



(A) (B6xDBA2)F, Anti-(B6xCBA)F, 

0 
50 
100 
200 

(B) CBA Anti-C57BL/6 

0 
17 
33 
67 



0 



CsA (/ig/ml) 



0.001 



0.01 



0.1 



31.5 


-»- 


3.3 


23.1 ± 1.2 


7.5 


± 3.6 


ND 


24.8 




13.6 


19.5 ± 0.8 


9.0 


± 9.1 


ND 


15.6 


-+- 


4.7 


12.9 ± 5.3 


3.5 


± 1.0 


ND 


4.2 




0.8 


2.7 ± 1.2 


2.7 


± 0.5 


ND 


14.1 




3,0 


ND 


9.7 


± 0.5 


4.2 ± 1.4 


7.7 




1.8 


ND 


6.0 


± 1.1 


2.1 ± 0.7 


5.9 




2.7 


ND 


3.6 


± 0.9 


2.8 ± 0.6 


2.5 




1.4 


ND 


1.5 


± 0.3 


1.0 ± 0.7 



Note. Data are expressed as a response index ± SD. Response index is defined as the ratio of the [^HlTdR incorporated by experimental 
cells and the [ H]TdR incorporated by unstimulated responder cells. ND. no data. In each well. 2x10^ responder cells were stimulated 
with 4X10 irradiated stimulator cells. Wells were pulsed with 1 /zCi (^H]TdR, 



of the MLR in the range of 1-10 ng/ml. In addition, 
the peptide and CsA exhibited an additive effect on 
inhibiting the proliferative response of the MLR, i.e., 
suppression was greater when the reagents were added 
together than with either one alone. This additive effect 
was also observed in MLR when other strain combina- 
tions were utilized (Table lb). 

The effect of combined treatment of rD-mPGPtide 
and cyclosporin A on GVHD. In an. attempt to evalu- 
ate the effect of combining rD-mPGPtide and CsA in 
vivo, an acute form of GVHD was induced in lethally 
irradiated (9.5 Gy) (B6 X CBA)Fi mice by administra- 
tion of 5 X 10^ (B6 X DBA2)Fi T cells along with 2 X 
10' (B6 X DBA2)Fi ATBM. In this GVHD model, the 
untreated mice exhibited 80% fatality by day 20 post- 
transplant with a MST of 13 days (Fig. 1 A). Experimen- 
tal groups received either a daily ip injection of CsA at 
a suboptimal dose of 10 mg/kg, or rD-mPGPtide (0.5 
mg iv) on days 0, 3, and 6. The MST for mice treated 
with either rD-mPGPtide or CsA was 28 and 30 days, 
respectively, A combination of the two treatment regi- 
mens resulted in significant prolongation of survival 
(MST of 53 days) compared to the untreated group (P< 
0.05). In addition, the survival of the combination treat- 
ment group was significantly prolonged in comparison 
to either treatment alone [P ^ 0.04). Thus. rD- 
mPGPtide and CsA have an additive inhibitory effect 
on the development of GVHD across MHC barriers. 

Combination of rD-mPGPtide and short-term CsA 
prophylaxis for G VHD, The inherent toxicity and per- 
sistent immunosuppression associated with CsA are 
major complications associated with long-term admin- 
istration for the prevention of GVHD. In this regard, 
it was hypothesized that rD-mPGPtide could eliminate 



the need for long-term CsA administration. To test this 
notion in the same haploidentical BMT model as de- 
scribed above, GVHD was induced by the transplanta- 
tion of 5 X 10^ donor (B6 X DBA2)F, T cells, and mice 
were either left untreated, injected iv with rD- 
mPGPtide (0.5 mg, days 0, 3, 6), or administered CsA 
(20 mg/kg) ip daily for 8 weeks (long-term CsA; Fig. 
IB). Two additional experimental groups received CsA 
either alone (20 mg/kg) ip daily for only 2 weeks (short- 
term CsA) or in combination with rD-mPGPtide (0.5 
mg iv, days 0, 3. 6). The survival of the rD-mPGPtide- 
treated mice (MST of 18 days) was significantly en- 
hanced (P< 0.01) compared with that of the untreated 
group (MST of 8 days). Both CsA-treated groups exhib- 
ited enhanced survival compared with the untreated 
group as well {P < 0.01). However, short-term CsA 
administration (MST of 43 days) was less effective than 
long-term CsA administration (MST of 61 days). The 
coadministration of rD-mPGPtide with short-term CsA 
therapy (MST of 59 days) significantly enhanced sur- 
vival of these mice (P< 0.04) compared with the short- 
term CsA alone. It should also be noted that the sur- 
vival of the combined rD-mPGPtide and short-term 
CsA-treated mice was equivalent to that achieved with 
long-term CsA administration (P= 0.75). 

DISCUSSION 

It is apparent from our results that administration 
of rD-mPGPtide and CsA together can significantly in- 
hibit T cell reactivity both in vitro and In vivo, com- 
pared with either agent alone. The additive effect these 
agents display would allow for the reduced utilization 
of the more toxic immunosuppressive compound (CsA) 
while still maintaining the high degree of recipient sur- 
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FIG. 1. Effect of treatment with rD-mPGPtide and CsA on survival of mice undergoing GVHD across a MHC-haploidentical barrier. 
(B6 X CBA)F, mice were lethally irradiated (950 cGy) and transplanted with allogeneic (B6 x DBA2)F, ATBM (2 X 10^) cells alone, or 
with unseparated donor T cells (5 X 10*^) as indicated. (A) Recipients of T cells were either left untreated (positive GVHD control), injected 
iv with rD-mPGPtide (0.5 mg) every third day between days 0 and 6. injected ip with CsA (10 mg/Kg) daily, or given both regimens as 
indicated in the figure. The data are representative of three separate experiments and 5 mice were utilized per group. (B) Recipients of T 
cells were either left untreated (positive GVHD control), injected iv with rD-mPGPtide (0.5 mg) every third day between days 0 and 6, 
injected ip with CsA (10 mg/Kg) daily for 2 or 8 weeks, or given combinations of both regimens as indicated in the figure. The data are 
composites from two separate experiments, a total of 10 mice were utilized per group and significance was determined by non-parametric 
Wilcoxon signed rank analysis utilizing SYSTAT 5.2 software. 



vival following BMT seen with continuous utilization 
of CsA. The probable differences in the mechanisms of 
action of these compounds allow for the speculation 
that these two agents could suppress T cells in a com- 
plimentary manner. 

The mechanism by which CsA inhibits T cell responses 
via inhibition of IL-2 production is well known and can 
be partially blocked by the addition of exogenous IL-2. 
While the exact mechanism of rD-mPGPtide-mediated 
immunosuppression is still unclear, we previously dem- 
onstrated that the inhibition induced by rD-mPGPtide 



is not overcome by the addition of exogenous IL-2 (8), 
thus making the combined immunosuppressive effect 
more resistant to circumvention by cj^okine rescue. Fur- 
thermore, rD-mPGPtide is an analog of the murine CD4 
molecule and has demonstrated little activity against 
CD8"^ T cell responses. CsA is not specific to either T cell 
subset and thus will suppress CDB"*^ T cell responses. 
Thus, combining CsA with the peptide allows for inhibi- 
tion of both T cell subsets which contribute to GVHD. 
We have previously postulated the rD-mPGPtide acts on 
T cells by disrupting the formation of the multimeric 
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CD4 complexes formed on the surface of the T cell upon 
TCR ligation thus preventing the proper cosignaling re- 
quired for fulminant activation. Since it has been demon- 
strated that CsA inhibits the TCR signaling pathway by 
binding to calcineurin, the combination of the two agents 
would disrupt both the primary and secondary signaling 
mechanisms required for T cell activation. The result of 
inhibiting two of the major signal pathways simultane- 
ously could result in the enhanced immunosuppressive 
activity seen. 

The data thus far suggest only an additive effect of 
these two agents on T cell responses and more experi- 
mentation is required to demonstrate a synergistic ef- 
fect of the compounds. In any case, the CD4-CDR3 pep- 
tide is indeed compatible with CsA treatment and in 
fact enhances its efficacy in preventing the develop- 
ment of GVHD following allogeneic BMT. 
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Inhibitory Effect of a CD4-CDR3 Peptide Analog on Graft- Versus-Host 
Disease Across a Major Histocompatibility Compiex-Haploidentical Barrier 

By Robert M. Townsend, Constance Briggs, Joseph C. Marini, George F. Murphy, and Robert Korngold 



A structure-based designed peptide has been engineered to 
exhibit the same molecular surface as a portion of the CDR3- 
like region in domain 1 of the murine CD4 molecule. Earlier 
in vitro experiments indicated that this analog, known as rD- 
mPGPtide, inhibited T-cell proliferation in mixed lymphocyte 
reactions and blocked activation of both normal 004^ T cells 
and T-cell tines after T-cell receptor triggering. In addition, 
rD-mPGPtide proved to be a potent inhibitor in vivo of CD4^ 
T-cell-mediated experimental allergic encephalomyelitis 
disease in the SJL mouse model. In this current report, we 
have evaluated the potential of rD-mPGPtide for suppressing 
the development of graft-versus-host disease (GVHD) in an 
Irradiated major histocompatibility complex {MHC)-haplo- 
Identlcal murine bone marrow transplantation (BMT) model 
[(B6 X DBA/2)Fi {B6 x CBAlFi (950 cGy)]. Our results indi- 



cated that early administration of rD-mPGPtide was effective 
in the inhibition of altoreactive responses of the donor T 
cells against the host and thus delayed or prevented the 
onset of GVHO. The median survival time of animals treated 
with rD-mPGPtide was enhanced es much as four-fold with 
as little as a single dose of peptide at the time of transplant. 
Decreased alloreactivity was indicated by phenotypic and 
functional analysis of posKively selected thoracic duct lym- 
phocytes 4 days after transplant and by histopathological 
examination of skin and gastrointestinal tissue samples 4 
weeks later. Therefore, the administration of a CD4-CDR3 
peptide is an efficacious approach against the development 
of GVHD during allogeneic BMT. 
(D 1996 by The American Society of Hematology. 



ALLOGENEIC BONE MARROW transplantation (BMT) 
AM, is currently being used as a treatment for a number of 
disease slates including several types of leukemia, aplastic 
anemia, and severe combined immunodeficiency, among 
others.' The major complications that impede the overall 
success of this treatment include the development of graft- 
versus-host disease (GVHD), marrow graft rejection, chronic 
immuno-incompetence, and leukemic relapse (in the case of 
BMT for the treatment of leukemias). Acute and chronic 
GVHD is caused by residual mature donor T cells in the 
bone marrow graft and leads to significant morbidity and 
mortality.^ Removal of the mature T cells from the graft 
before engraftment reduces or prevents GVHD; however, 
this T-cell depletion also leads to reduced engraftment along 
with increased leukemia relapse rates. These observations 
suggest the importance of a T-cell component in a successful 
BMT, although it is not clear whether GVHD reactive T 
cells can be separated completely from either the antileuke- 
mia effect or from enhanced hematopoietic engraftment. 
This question can only be approached by highly selective 
means of inhibiting those host-allospecific GVHD-reactive 
T cells, while allowing for the potential development of 
antileukemia-specific responses and for protection from op- 
portunistic infections. 
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The CD4 molecule on the surface of helper T cells, in 
association with the T-cell receptor (TCR)-CD3 complex 
that recognizes specific antigen in the context of MHC class 
II, plays a critical role in the transmembrane and intracellular 
signaling pathways required for T-cell activation.*"" It has 
been well-established in murine models that CDA* T cells 
are capable of mediating GVHD, primarily across MHC 
class II barriers, '^ '^ but also in some cases with minor histo- 
compatibility antigenic differences. Inhibiting CI>4* T- 
cell responses by treatment of recipient mice with mono- 
clonal antibodies (MoAb) directed against the CD4 molecule 
has effectively decreased the incidence of GVHD following 
BMT.^** '* However, MoAb therapy has several limitations 
for potential clinical use, including but not limited to total 
subset depletion and immunogenicity of the MoAb it- 
self.'^-^' 

In previous reports, we have described the design and 
production of a peptide that specifically mimics the CDR3- 
like region in the Dl immunoglobulin domain of the murine 
CD4 molecule.^'" This peptide analog consists of thirteen 
amino acids (CELENRKEEPGPC) taken from the p86-94 
sequence of the CD4 molecule with the addition of a proline- 
glycine-proline-cysteine sequence to the carboxyl terminus 
to allow cyclization and tertiary structural constraint. In order 
to make the peptide more resistant to protease degradation, 
it was synthesized with D-amino residues, necessitating the 
reversal of the amino acid order so that side chain presenta- 
tion would be similar to the native molecule.^' As a result 
of these adaptations, this CIM peptide analog is referred to as 
reverse D amino acid mouse proline-glycine-proline peptide 
(rD-mPGPtide). The rD-mPGPtide is neither T-cell subset 
depletive nor immunogenic and thus has advantages over 
the use of anti-CD4 MoAb. 

Our earlier reports documented that rD-mPGPtide is a 
potent inhibitor of certain types of CD4"*" T-cell- mediated 
immune responses both in vitro and in vivo. In this report, 
we demonstrate the potential of rD-mPGPtide for inhibiting 
the in vivo ailoreactive responses associated with the onset 
of GVHD in a major histocompatibility complex (MHC) 
haploidentical murine BMT model (B6 X DBAy2)Fi -» (B6 
X CB A)Fi (950 cGy). In this model, the donor and recipient 
mice possess both class I and class II differences. Injection 
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of irradiated (B6 x CBA)F, mice with a donor bone marrow 
inoculum supplemented with either 5 X 10^ unseparated or 
I X 10* CIM"*" enriched donor T cells induces an acute form 
of GVHD. which leads to fatality widiin 2 to 3 weeks. We 
show here that administration of rD-mPGPtide to recipient 
mice at varying times within the first week of transplantation 
significantly increased the median survival time of mice un- 
dergoing GVHD. 

MATERIALS AND METHODS 

Mice, Mice. (B6 x DBA/2)F,, [(B6D2)F, {H2^^)] and (B6 X 
CBA)F, ((B6CB)Fi (H2")], were purchased from the Jackson Labo- 
ratory (Bar Harbor. ME). Male mice were used as donors between 
the ages of 7 to 12 weeks and as recipients between the ages of 9 
to 16 weeks. Mice were kept in a sterile environment in microisola- 
tors at all times and were provided with acidified water and auto- 
claved food. 

Media. Buffered saline solution (BSS) supplemented with 0.1% 
bovine serum albumin (BSA) (Hyclone, Logan, UT) was used for 
all in vitro manipulations of the donor bone marrow and lympho- 
cytes. For injection, cells were resuspended in BSS alone. RPMI 
1640 (Mediatek, Hemdon, VA) supplemented with 10% fetal calf 
serum (FCS) (Sigma. St Louis, MO) and 10 U/mL glutamine, 10 
U/mL penicillin and streptomycin, and 0,05 mmol/L ^S-mercaptoeth- 
anol (Mediatech) was used for all in vitro mixed lymphocyte re- 
sponses. 

Peptides. The peptides were designed as previously described,^^ 
synthesized on an Applied Biosystems 430A peptide synthesizer 
(Foster City, CA) using standard Fmoc chemistry, refolded to enrich 
for intramolecular disulfide bonding, and purified by HPLC (Waters 
600E system controller, Waters 490E programmable multi-wave- 
length detector; Millipore Corp. Bedford, MA) before use. The se- 
quences of the synthesized peptides were as follows: rO-mPGPtide 
(CPGPEEKRNELEC. all D-amino acids) and scrambled rD- 
mPGPtide (Scr-PGPtide; CEPKNELPERGEC. all D-amino acids). 
For treatment of GVHD. peptides were reconstituted in PBS and 
injected at the appropriate dose and time into mice intravenously 
(IV) in a volume of 0.25 mL. 

Irradiation. All recipient mice received a 950 cGy exposure 
from a Gammacell '"Cs source (116 cGy/min), 

MoAb, Ascites fluid for anti-Thy-1.2 (Jlj, rat IgM)" and anti- 
CD8 (3.168» rat IgM)^ MoAb were used for cell preparations. In 
addition, goat antimouse IgG (whole molecule) antibodies were pur- 
chased from Cappel-Organon Teknika (Westchester, PA). Guinea 
pig scrum prepared in our laboratory was used as a source of C 
for all MoAb treatments. For phenotypic analysis of cells by flow 
cytometry, anti-murine CD4 (FTTC-conjugated or biotinylated, as 
appropriate), CD25, CD71, CD95 (all biotinylated). and rat IgG 
(FTTC- or PE-conjugated, as appropriate) standard control antibodies 
were purchased from Pharmingen (San Diego, CA). 

Preparation of cells. Bone marrow cells were obtained from the 
femora and tibiae of donor mice by flushing with BSS with 0. 1 % 
BSA. To prepare anti -Thy- 1 -treated (T-cell- depleted) bone mar- 
row (ATBM), cells were incubated with Jlj MoAb (at 1 : 100 dilution) 
and C (1:25) for 45 minutes at 37**C and were washed four times. 
T-ccll enriched donor cell populations were prepared by treating 
pooled spleen and lymph node (LN) cells with: Gey's balanced salt 
lysing solution containing 0.7% NHUCH for removal of RBC, and 
panning on a plastic petri dish pre-coated with a 5 /xg/mL solution 
of goal antimouse IgG for 1 hour at 37°C to remove B cells. These 
treatments resulted in populations of 90% to 95% CD3* cells, as 
quantitaied by flow cytometric analysis. Further purification of T 
cells into CD4* cells was performed as described previously.'* These 
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procedures resulted in highly purified populations of CIM*^ cells 
(>90%) with no detectable presence of the inappropriate subset. 

Flow cytometric analysis. In a 96- well plate. 2 X 10* cells/ 
sample were incubated and washed with BSS containing 1% fetal 
bovine serum (FBS) and 0.05% NaNj (FACS buffer). Antibodies, 
conjugated to either FTTC or biotin, were added to the appropriate 
wells in a volume of 25 /iL for 30 minutes at 4''C then washed three 
times in FACS buffer and fixed overnight at 4^ in PBS containing 
1% paraformaldehyde. In the case of the biotin conjugated antibod- 
ies. PE-streptavidin (Caltag, San Francisco. CA) was added (1:100 
dilution) before fixation with paraformaldehyde and incubated for 
an additional 30 minutes at 4'X;, then washed three times in FACS 
buffer and fixed with paraformaldehyde. Samples were analyzed on 
a Coulter Epics Profile II (Coulter Corp. Hialeah. FL). 

In vitro mixed lymphocyte reaction (MLR). Single cell suspen- 
sions of respcnder cells for the murine MLR were obtained from 
either spleen and lymph nodes or TDL. as indicated. Stimulator cells 
were obtained from the spleens of indicated mice, irradiated with 
15 Gy and washed three times with medium. In a 96-well plate 4 
X 10* responder cells were incubated with 8 X lO' stimulator cells 
or medium alone for the indicated period of time at 37®C. 5% COj . 
Cultures were incubated with 1 ^Ci ['H]TdR/well for the final 24 
hours, harvested, and counted. The percent response was calculated 
in the following manner: experimental CPM [^H]TdR minus medium 
alone CPM)/(anti-(B6CB)F, only CPM [^HJTdR minus medium 
alone CPM). Responses indices were calculated as a ratio of the 
experimental CPM ['HjTdR to the anti-(B6D2)F, only CPM ['H]- 
TdR. When indicated, culture supematants were removed and tested 
for cytokine production by CTLL bioassay, as previously de- 
scribed." Briefly. 1 X 10* CTLL cells in 25 pL medium were added 
to 100 //L of culture supernatant in a 96-well plate. Anti-murine 
interleukin-2 (IL-2) MoAb was added at 2 /xg/mL in 25 pL to appro- 
priate wells. Cells were cultured for 24 hours and incubated with 1 
pa [^HJTdR/well for the final 6 hours, harvested, and counted. 
Experimental results were compared with a standard curve of mIL- 
2 and IL-4. Statistical comparisons between experimental groups 
for proliferation responses were performed by the Student's Mest 
analysis, using SYSTAT 5.2 software. 

Collection of thoracic duct lymphocytes (TDL). Anesthetized 
mice were cannulated 4 days after injection of 1 0^ (B6D2)Fi CD4'^ 
T cells by insertion of an Intramedic PE 50 tubule into a fistula 
perforated in the cystoma chylae, as previously described.^* The mice 
were then placed on an apparatus which allows the mice exercise and 
access to food while they are being infused IV with physiologic 
saline. The lymph was collected for 8 to 10 hours in 15-niL tubes 
containing 2 mL RPMI 1640 medium supplemented with 10% FBS. 
I U/mL heparin, and kept at 4**C imtil assay. 

Mortality assay for GVHD. Recipient mice were irradiated with 
950 cGy and approximately 6 hours later were injected IV (in a 
maximum volume of 0.5 mL of BSS) with either 2 X 10* donor 
ATBM cells alone, as a negative control, or a mixture of ATBM 
plus donor T cells, as indicated. Mice were checked daily for morbid- 
ity and mortality until the experiments were terminated at day 60 
posttransplantation. Median survival times (MST) were calculated 
as previously described.'^ Statistical comparisons between experi- 
mental groups for mortality curves were performed by the nonpara- 
metric Wilcoxon signed rank analysis, using SYSTAT 5.2 software. 

Histopathological analysis. Two mice per experimental group 
were killed on day 27 post-BMT and organs were removed and fixed 
with 4% paraforn\aldehyde. Ear skin and gut were then processed 
for embedding in paraffin. Paraffin sections (6 p) were cut and 
stained with hematoxylin and eosin (H&E). Sections were examined 
microscopically as indicated for the presence of inflammatory infil- 
trates and dyskeratotic or necrotic cells. 
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Fig 1. Inhibition of in vitro allogeneic MLR by rD-mPQPUde. The 
data shown are representative of three separate experlmenta and 
expressed as mean percent response ['H]TdR Incorporation of tripli- 
cate wells. The rD-mPGPtlde was added at 200, 100. and 50 /imol/L 
to the appropriate wells and rhtL-2 was added at 100 U/mL to the 
appropriate wells. 

RESULTS 

rD-mPGPtide inhibits alloreactivity in vitro. Lymph 
node cells taken from (B6D2)Fi mice were stimulated in 
vitro with irradiated (15 Gy) spleen cells from (B6CB)Fi 
mice and the proliferative response was measured by [^H]- 
TdR incorporation on day 4. Tiiered concentrations of rD- 
mPGPtide (50 to 2(X) /imol/L) were added to appropriate 
wells in order to test the inhibitory properties of the peptide. 
As shown in Fig 1, the addition of rD-mPGPtide inhibited 
proliferation in a dose-dependent manner. Nearly 90% inhi- 
bition of the prohferative response was observed with the 
addition of 200 iimoML of rD-mPGPtide and the 50% inhibi- 
tory concentration (IC50) was 50 to 100 /xmol/L. Further- 
more, the presence of 100 U/mL of recombinant human 
IL-2 in the cultures failed to re-establish the proliferative 
response. It appeared that rD-mPGPtide could inhibit allore- 
activity generated by this MHC-hapIoidentical strain combi- 
nation in vitro, and thus had the potential to inhibit such 
immune responses in vivo, as well. 

rD-mPGPtide inhibits acute GVHD directed across a 
MHC barrier. An acute form of GVHD was induced in 
lethally irradiated (950 cGy) (B6CB)Fi mice by IV adminis- 
tration of 5 X 10^ (B6D2)F, T cells along witii 2 X 10* 
(B6D2)F, ATBM. In this GVHD model, the untreated mice 
exhibited 80% fatality by day 20 posttransplant with a MST 
of 13 days (Fig 2). Transplanted mice were also administered 
three different regimens of rD-mPGPtide treatment, includ- 
ing: (1) daily injections (0.5 mg/injection) from days 0 to 6 
post-BMT; (2) alternate days during this same time period 
(days 0, 2, 4, 6); and (3) every third day (days 0, 3, 6). 
Treatment with these regimens of rD-mPGPtide increased 
the MST of these mice to 32, 30, and 28 days, respectively. 
The observed increases were statistically significant as com- 
pared with the untreated group {P < .03 for all of the rD- 
mPGPtide- treated groups), although there was little differ- 
ence between the three different regimens among themselves 
{P > .05). With time, all of the peptide-Urealed mice that 
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received donor T cells eventually succumbed to GVHD. 
Both CD8^ and Cm'' T cells are likely to play a role in the 
development of GVHD in this strain combination due to the 
fact that the donor and recipient mice differ at both class I 
and class II MHC loci. Since the donor T cell subsets were 
unseparated, there was a potential development of a CD8* 
T-cell- mediated GVHD, against which the rD-mPGPtide 
would be expected to have little effect. 

rD-mPGPtide inhibits acute GVHD mediated by MHC 
allogeneic CD4^ T cells. To specifically evaluate the effect 
of rD-mPGPtide on CD4^ T cells during the GVHD re- 
sponse, an acute form of GVHD was again induced in irradi- 
ated (950 cGy) (B6CB)F, mice by administration of I X 10^ 
(B6D2)Fi CD4-' T cells along with 2 x lO** (B6D2)Fi 
ATBM. As shown in Fig 3, the MST for those mice left 
untreated was 25 days. Mice treated with rD-mPGPtide on 
days 0, 3, and 6 exhibited a significant increase in the MST 
to >60 days post-BMT {P < .02). In this case, 82% of the 
mice treated with rD-mPGPtide survived for the duration of 
the experiment, as compared with 27% of the untreated 
GVHD mice and 91% of the control mice transplanted with 
only ATBM (P < .02). A single injection of rD-mPGPtide 
also resulted in a significant increase in the MST (P < .05) 
with 80% of the mice surviving past 60 days. A cyclized 
control scrambled peptide (Scr-PGPtide) was also tested (0.5 
mg administered on days 0, 3, and 6) to ensure specificity 
of the rD-mPGPtide and did not significantiy affect survival 
as compared with the untreated mice (P > .99), with only 
33% surviving past 60 days (Fig 3). The body weights of 
surviving animals at the conclusion of the experiment (day 
60) exhibited little differences between groups: 30.0 ± 1 .0 
g for the ATBM group, 27.9 ± 2.4 g for the GVHD group. 
26.6 ± 5 g for the rD-mPGPtide day 0,3,6-U-eated group, 
28. 1 ± 1 .3 g for the rD-mPGPtide day 0-treated group, and 
26.6 ± 3.3 g for the Scr-PGPtide -treated group. These data 
suggested that a chronic form of GVHD was absent in these 
surviving mice. To examine the possibility that regulatory 
cells were being generated during peptide treatment. 1 .25 x 
10' spleen and LN cells from rD-mPGPtide- treated 
(B6CB)F), mice more than 80 days posttransplantation of 
10^ (B6D2)F, CD4^ T cells were transferred 10 de novo- 
irradiated (B6CB)Fi mice undergoing GVHD by the same 
conditions. No enhancement of survival of the mice receiv- 
ing adoptively transferred lymphoid cells (MST = 16 days; 
percent survival = 20%) was observed, as compared with 
the GVHD mice receiving just donor CD4* T cells (MST 
= 13 days; percent survival = 0%). 

Histopathological analysis. To evaluate the peptide' s ef- 
fect on the clinical manifestation of GVHD in the target 
tissues, histology sections were prepared 27 days post-BMT 
from rD-mPGPtide- treated or untreated mice undergoing 
GVHD, Tissue samples were taken from ear skin and the 
gastrointestinal tract and examined for morphological 
changes such as swelling, cellular damage, and the presence 
of inflammatory infiltrates. In the ear skin and small intesti- 
nal tissue of the untreated GVHD mice (Fig 4B and E) there 
was significant inflammatory infiltration in comparison with 
the ATBM controls (Fig 4 A and D). Numerous dyskeratotic 
and necrotic cells were also observed in the epidermal layers 
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Fig 2. Survival of mice undergoing GVHD across a MHC-liaploidentical barrier Is enhanced by varying treatments with rD-mPGPtide. 
(BeCB)Fi mice were lettialty Irradiated (950 cGy) and transplanted with allogenaic (B6D2)Fi ATBM (2 x 10^ cells alone, or with unseparated 
donor T cells (5 x 10*). Recipients ware etthsr left untreated (positive GVHD control). Injected IV with rD-mPGPtlde (0.5 mg) daily, every other 
day, or every third day between days 0 and 6. The data are representative of three separate experiments and the numbers of mice used per 
group are indicated In the figure. 
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Ftg 3. Survival of mice undergoing CIM'*' T-cell- mediated GVHD across a MHC-hapIoldentlcal l>arrier Is enhanced by treatments with rD- 
mPGPtids. (B6CB)Fi mice were lethally Irradiated (950 cGy) and transplanted with allogeneic (B6D2)Fi ATBM (2 x 10*) cells alone, or with 
CD4'^ T calls (1 x 10*). The rO-mPGPtlde (0.5 mg) was administered IV on either day 0 alone or on days 0, 3, and 6. Scr-PGPtlde (0.5 mg) was 
injected on days 0, 3, and € and had no significant effect on survival. Data are pooled from two separate experiments and the total numbers 
of mice used per group are Indicated In the figure. 
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Fig 4. Ear skin |A through C) and small intestine tD and El of irradiated (950 cGy) {BSCBlFi mice 27 days after the transplantation of either 
(B6D2}Fi ATBM (2 x 10°) alone (A and D) or with 1x10* (B6D2IF, CD4* T cells, and left untreated (B and E) or rD-mPGPtide-treated (0.5 mg) 
on days 0, 3, and 6 (C and F). Two mice per group were examined. The epidermal layer and intestinal epithelium of mice receiving only ATBM 
(A and D) were devoid of cellular injury, whereas numerous dyskeratotic and necrotic cells (arrows) were observed in the untreated positive 
GVHD controls (B and E). Also note the cellular infiltrate in lamina propria of positive control intestine (E). Peptide-treated animals failed to 
exhibit significant skin (C) and gut (F) pathology, and resembled ATBM controls. (Final magnification; A-C, x800; D-F, x500}. 



of both the .skin and gui, suggesting GVHD-relaied cell 
death. In contrasi, the tissue samples irom the rD~ 
niPGPtide- treated mice (Fig 4C and F) exhibited limited 
inflammatory infiltrates and signihcantly fewer dyskeratotic 
cells. The differences between the groups were quantitated 
by counting the number of dyskeratotic cells per linear milli- 
meter of epidermis (Fig 5). The samples from peptide-treated 
mice displayed a two- to three-fold decrease in the frequency 
of dyskeratotic cells as compared with those from the GVHD 
control mice. These combined data suggested that prophylac- 
tic treatment of transplanted mice with rD-mPGPtide sig- 
nificantly reduced the clinical manifestations of GVHD. as 
evidenced by histological sampling. 

EJfea of rD-mPOPtide on aciivation (mtiiicn expression 
in vi vo — day 4 TDL To begi n i n vestigati ng the mechan ism 
by which rD-mPGPtide prevents the onset of GVHD, we 
examined the cell surface of €04" T cells from transplanted 
mice for the expression of activiuion antigens including IL- 
2 -receptor (1L-2R: Cl,>25), Fas (CD95), and Transferrin- re- 
ceptor (Tr-R; CD71 ). Irradiated (950 cGy) (B6ClV)Fi mice 
were transplanted with (B6f^2)Fi CD4' T cells, and on 
day 4 posttransplani their thoracic ducts were cannulated, 
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Fig 5. Dyskeratotic cells in the epidermal layer of ear skin were 
quantitated Wlinear mmol/U for the same tissue samples as de- 
scribed in Fig 4, A-C. Approximately 10 linear mmol/L were counted 
in each ear specimen (two mice per group). 
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Fig 6. Activation phenotype of TDL cells collected 
from mice undergoing GVHD is altered by treatment 
with rD-mPGPtide. (B6CB)Fi mice (five mice per 
group) were lethally irradiated (950 cGy) and trans- 
planted with allogeneic (B6D2)Fi CD4" T cells (1 x 
10^). Recipients were either left untreated or rD- 
mPGPtide (0.5 mg) was administered IV on days 0 
and 3. Mice were cannulated on day 4 and TDL cells 
collected over an 8- to 10-hour period. (A) Expression 
of CD25, CD71, and CD95 as a percentage of the small 
lymphocytes and the blasting lymphocytes. (B) Flow 
cytometric profile of the CD4^ TDL cells for expres- 
sion of lL-2 receptor (CD25}. The negative control 
samples for the control and peptide-treated lym- 
phocytes were 0% positive for CD25 with a mean 
fluorescence of 0.153 and 0.158^ respectively. The 
negative control samples for the control and pepttde- 
treated blast cells were 9% and 7% positive for CD25, 
respectively, with a mean fluorescence of 0.226 and 
0.232, respectively. 
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TDL were collected over an 8 to tO hour period, and flow 
cytometric analysis was perfomied on the retrieved cells. 
Transplanted mice (3 per group) were either left untreated 
or were injected IV with 0.5 mg rD-inPG Pride on days 0 
and 3. The TDL collected from each group were exclusively 
donor-type CD4 ^ T cells; however, the flow yield of TDL 
collected from pepiide-treatcd mice was significantly less 
than those of the untreated mice. 4 X 10* cells/mL versus 7 
X 10^ cells/mL, respectively. Both experimental groups of 
TDL contained a high percentage of blast- like cells (26% to 
28%), and were analyzed as a separate population from the 
remaining small lymphocytes. As shown in Fig 6 A. the per- 
centage of TDL cells expressing the activation antigen CD25 
was very high {90% for blast cells and 60% for n on- blast 
cells) in the mice undergoing GVHD, suggesting that the 



allogeneic donor CD4' T cells were reaciinii to the host 
alloantigens. Treaiment of the mice with rf^-mPGPtide re- 
sulted in a 30% reduction in the percentage of non-blast 
cells expressing IL-2R and a 10% reduction in the percentage 
of blast cells expressing 1L-2R. More notable, were the 
changes in the mean antigen expression of IL-2R on both 
the blast cells and the non- blast cells. Nearly a three- fold 
reduction was seen for both populations (Fig 6B). Tr-R ex- 
pression was also affected in a similar manner: however. Fas 
appeared to be expressed at a level of 50% in both cell 
populations and remains unchanged in the peptide-treated 
group (Fig 6A). 

Ailoreacriviry of 0 VHD TDL celLs. As a measure of allo- 
reactivity, MLR cultures were established using the TDL 
collected above as responder cells. These cultures were stim- 
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Fig 7. Alio reactivity of TDL cells collected from 
mice undergoing GVHD is reduced by treatment with 
rD-mPGPtide. The TDL cells were collected in the 
same manner as described in Fig 6 and the data are 
representative of three similar experiments. (At MLB 
proliferation responses to irradiated host (B6C&)F, 
spfenocytes were performed as described in the Ma- 
terials and Methods section. Data is expressed as 
the response index of proliferation ± SEM. (B) CTLL 
proliferation supported by culture supernatants from 
TDL atloresponses. Data is expressed as CPM ['HjTdR 
incorporation ± SEM. 



ulated with either irradiated (15 Gy) (B6CB)F, spleuocytes 
or media alone for 48 hours and pulsed with ( - HJTdR as a 
measure of proliferation for the fina! 24 hours. As shown in 
Fig 7 A, [^H]TdR incorporation by TDL from untreated con- 
trol mice was enhanced in response to (B6CB)F, stimulator 
cells, as compared with the syngeneic (B6D2)F, stimulator 
cells. TDL collected from the rD-mPGPtide- treated mice 
exhibited a 50% reduction in proliferation when incubated 
with the allostimuialor cells as compared with the untreated 
TDL proliferation (P < .01). Furthennore. proliferation re- 
s|X)nses to third party alloantigens (SJL spleen cells) remains 
intact following peptide treatment (P > .05). These results 
suggested that proliferative responses to alloantigen are im- 
paired in the peptide- treated mice. To further analyze this 
proliferative response, culture supernatants from another rep- 
resentative experiment were removed after 24 hours and 
analyzed lor cytokine content by a CTLL bioassay. As 
shown in Fig 7B, supernatants from the untreated control 
TDL cultured with media alone were not capable of support- 
ing CTLL proliferation. Incubation of TDL with (B6CB)F, 
stimulator cells significantly enhanced the CTLL prolifera- 



tion of the culture supernatants. This proliferation was neu- 
tralized by anti~lL-2 MoAb suggesting Httle or no lL-4 
pa>duction by the TDL in response to the alloantigen stimu- 
lation. The TDL from the rD-mPGPtide- treated mice dem- 
onstrated slightly reduced cytokine production (P > .01), 
which was neutralized by anti-IL-2 MoAb as well, as com- 
pared with the untreated TDL. These results suggested that 
the proliferation defect of the TDL from pepti de-treated mice 
may not be entirely accounted for by a reduced capacity to 
produce lL-2. 

DISCUSSION 

In this report, we have described a novel therai^eutic ap- 
proach for the treatment of murine GVHD across a MHC 
barrier using a peptide analog of the CDR.*^ region of the 
murine CD4 molecule, rD-mPGPtide. Experiments per- 
formed both in vitro and in vivo have demonstrated a poten- 
tial for rD-mPGPtide to affect immune responses to alloanti- 
gens. The inhibition of the alloreactive immune response was 
indicated in vivo primarily by the prolongation of survival of 
mice undergoing GVHD and reduced tissue destruction in 
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these mice. This enhanced survival was evident for GVHD 
induced by both unseparated T cells and purified CD4'^ T 
cells (Figs 2 and 3). Even a single injection of rD-mPGPdde 
at the time of transplant was effective in delaying the onset 
of disease mediated by CM^ T cells. The protective re- 
sponse of the rD-mPGPtide appears to be specific as the 
control scrambled peptide failed to exhibit significant en- 
hancement of survival as compared with untreated mice in 
this model (Fig 3). 

Upon comparing the two experimental conditions tested, 
unseparated T cells and purified CD4'^ T cells, it is apparent 
that the rD-mPGPtide was more effective in preventing the 
GVHD induced by the purified CD4^ T cells. We hypothe- 
size that in the case of the unseparated T cells, the rD- 
mPGPtide has limited effect on the CD8* T-cell-mediated 
component of GVHD directed to MHC class 1 antigens, a 
large portion of which may actually be CD4-independent.*^ 
Yet, even under these arduous conditions, the CD4-CDR3 
peptide could prolong the survival time of recipient mice by 
at least 2 weeks. 

Based on the animal survival data, it is apparent that the 
alloreactive (B6D2)F| CD4* T cells from the donor are less 
potent at mediating GVHD in the rD-mPGPtide -treated re- 
cipient. The anti-host specific donor T cells, themselves, are 
most likely rendered dysfunctional in their ability to respond 
to alloantigen. This is supported by several observations, 
including the reduction of in vitro alloreactivity and activa- 
tion antigen expression by the positively selected TDL col- 
lected from mice treated with rD-mPGPtide. In vitro allore- 
sponses and cytokine production were evident in the TDL 
of the mice undergoing GVHD (Fig 7, A and B); however, 
the TDL from the peptide-treated mice exhibited a 50% 
reduction in the proliferative response to alloantigen, but 
only a 15% reduction in IL-2 production. This reduced pro- 
liferative capacity could be due to either an inability of the 
T cells to recognize alloantigen or the presence of fewer 
alloreactive T cells due to deletion and/or inhibition of 
expansion. However, these results suggest that the observed 
inhibition of proliferation is relatively independent of IL-2 
production. Funhermore, expression of all three activation 
antigens tested (IL-2R, Tr-R. and Fas) were increased on the 
TDL of GVHD mice (Fig 6A), whereas the TDL from the 
rD-mPGPtide- treated mice exhibited a marked reduction in 
the expression of IL-2R and Tr-R, yet no reduction in the 
expression of Fas. These findings may hold a clue to the 
mechanism by which this CD4-CDR3 peptide analog medi- 
ates inhibition of GVHD. It has been shown previously that 
the expression of Fas is required for the induction of T-cell 
apoptosis on incomplete activation, while the lack of Fas 
expression leads to T-cell anergy." The continued high ex- 
pression of Fas on the TDL from the peptide-treated mice 
may allow for the induction of apoptosis of the allo-specific 
T cells on incomplete activation in the presence of peptide. 
Further investigation into the peptide mechanism is neces- 
sary to clarify this issue. 

Several recent reports propose that alterations in the im- 
mune response can be induced which generate a protective 
effect against various immunologically based disorders. 
These approaches include the polarization in cytokine pro- 
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duction firora Thl-like to Th2-like phenotypes,'^*'* potentia- 
tion of other specific cytokines (eg, TGFfi^^^), inhibition of 
T-cell trafficking to target organs,^'* or the generation of 
non-lethal regulatory cells in vivo.'' *** The switching of cyto- 
kine phenotype from Thl to Th2 has been reported to be 
induced by several agents including cytokines*' and anti- 
CD4 MoAb.*^*' The induction of a Thl inrunune response 
in GVHD has been correlated with lethality and a switch in 
the response to a Th2 phenotype has been shown to signifi- 
cantiy prolong survival.^*'' In this regard, we investigated 
whether or not rD-mPGPtide was inducing such a cytokine 
switch leading to protection of the transplanted mice. TDL 
taken from these peptide-treated mice demonstrated no ap- 
preciable difference in the IL-2 and IL-4 production profiles 
when stimulated ex vivo by alloantigen (Fig 7B). Therefore, 
our data do not support a rD-mPGPtide- induced cytokine 
switch phenomenon in alloreactive T cells during the devel- 
opment of GVHD to account for the inhibitory effects of the 
peptide. 

In order for the T cells to cause GVHD, they must be able 
to traffic to the appropriate target organs including the skin, 
gut, and liver. Inhibiting the trafficking of these alloreactive 
T cells could also lead to a reduction in the symptoms of 
GVHD. The expression of adhesion molecules such as 
CD44. ICAM-1, VCAM-1, and LFA-1 on the surface of T 
cells play an important role in controlling the trafficking of 
these cells to their target tissues. ^^***'*^ The histopathological 
analysis of mice undergoing GVHD suggested that rD- 
mPGPtide was inhibiting the infiltration and subsequent de- 
struction of epithelial tissue in the skin and gastrointestinal 
tract (Fig 4). In addition to the possible inhibition of prolifer- 
ation and expansion of alloreactive T cells, this apparent 
inhibition of trafficking could also be a result of decreased 
expression of adhesion molecules on the surface of the acti- 
vated T cells or insufficient upregulation of the ligand mole- 
cules on vascular tissues. These possibilities are currently 
under investigation. 

The generation of regulatory cells controlling inunune re- 
sponses in various mouse models of autoinununity has been 
previously reported.^'*"** Adoptive transfer of these cells 
from protected animals to unprotected autoimmune-prone 
animals can lead to protection from disease and is one way 
of demonstrating the existence of these regulatory popula- 
tions of cells. We examined this possibility by transferring 
spleen and lymph node cells from rD-mPGPtide- treated 
(B6CB)Fi mice more than 80 days posttransplantation of 10* 
(B6D2)F, CZM"^ T cells to de novo-irradiated (B6CB)F, mice 
undergoing GVHD by the same conditions. We observed no 
enhancement of survival of the mice receiving adoptively 
transferred lymphoid cells as compared with the GVHD mice 
receiving just donor CD4* T cells. Thus, it appears that the 
generation of a regulatory population of cells is not responsi- 
ble for the observed protective effect of rD-mPGPtide in 
these mice undergoing GVHD. 

As a therapeutic modality, the rD-mTCPtide peptide 
mimic of the CD4-CDR3 molecular site appears to be an 
effective agent for the prevention of GVHD. We believe that 
the peptide primarily affects the alloreactive T cells that are 
being activated early after transplantation, rendering them 
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incapable of inducing GVHD. Results from recent EAE stud- 
ies*'' with the peptide provide strong evidence that inhibition 
is highly specific for CD4* T-cell responses to antigens pres- 
ent at the time of exposure to the rD-mPGPtide. One, 2, or 
14 days after treatment, there is no diminution in any of the 
lymphoid cellular compartments, including the CD4* T-cell 
subset. In addition, lymph node T cells are fully functional 
in their capacity to respond to both recall antigens and to 
third-party alloantigens. The half-life retention of peptide in 
serum in mice is approximately 25 minutes and respon- 
siveness to any type of antigen stimulation is significantly 
inhibited for up to 6 hours after administration, but has virtu- 
ally no effect by 12 hours. Noting this short window of effect 
of the CD4-CDR3 peptide, it is a most intriguing possibility 
that if administered only within the first week of transplant, 
the peptide could leave the remaining non-alloreaclive CD4^ 
T-cell population intact for subsequent development of re- 
sponses to opportunisdc infections or potential leukemic re- 
lapse. Further studies are planned to clarify these issues. 
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